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I,  SUMMARY 

Bench-.calc  .ludie.  were  d.r.cl.d  toward  ‘"e  development  of  an 
economical  procea.  for  the  preparation  of  *'“7" 
chlorination  of  boric  oxide-carbon  mixture,  at 

Over  200  batch  or  .emi-continuou.  te.t.  were  conducted  in  l-inch  to 
3.inch  diameter,  vertical-.haft  reactor,  to  evaluate  .uchoperatinR 
variable,  a.  formulation,  particle  aixe  and  deo.ity  of  .olid,  ^eed, 
bed  height,  temperature,  and  chlorine  feed  rate.  Yield.,  production 
rate.,  reaction  heat,  and  extent  of  by-product  formation  were  deter¬ 
mined  for  optimum  operating  condition.. 

Major  ob.tacle.  to  continuou.  chlorination  were  found  to  be:(a) 

the  .oftening  and  fu.ing  tendency  of  the  boric  IWa'^com- 

reaction  temperature.,  and  (b)  the  formation  of  a  '  white 
plex  which  con^den.ed  out  of  the  reactor  effluent  ga.  .tream  on  cooli  g 
^iid  tended  to  plug  the  ayatem.  The  fir.t 

the  development  of  a  proce.s  for  preparing  apherical  fe  p 
lading  an  excea.  of  carbon.  Two  workable  aolut.on.  to 

containing  a  hot  bed  of  car^through  which  the  effect 

effluent  would  be  paa.ed  >ej^her  with 

conversion  of  the  cortvpTex  to  boron  trichloride,  end  (b)  p  S 

reactor  effluent  through  a  cold  column  P'“‘‘*f„^hVte  «lfd'.'” 

carbon  pelletMo  effect  conden.ation  and  depo.ltion  of  the  white  .olid 
on  the  pellet  which  subsequently  could  serve  as  primary  reactor 

feed. 

.  bT general,  the  .tudie.  indicated  that  aati.factory  yield,  and 
production  rale,  of  boron  trichloride  could  be  obtained  by 
chlorination  of  boric  oxide-carbon  particle,  in  a  vertical 
actor  maintained  at  IICO  to  ISOOT.  further  .tudie.,  preferably 
with  larger  equipment,  are  needed  to  clarify  the  heat  balance  and  to 
determine  operability  of  a  continuou.'  moving-bed  vertical  .haft 
reactor. 

II.  INTRODUCTION 

In  November  1954  bench- scale  operations  were  started  for 
the  purpose  of  investigating  process  variables  encountered 
production  of  boron  trichloride.  Information  and 

from  bench  scale  experimentation  were  required  for  the  ^  * 

pilot  plant.  The  experimentation  w^wS  divided  into  two  major 

Feed  Preparation  and  Reaction.  This  report  covers  only  the  Reaction 

studies. 

Boron  trichloride  may  be  prepared  by  the  reaction  of  mole¬ 
cular  chlorine  with  boric  oxide  and  carbon,  anhydrous  sodium  tetra¬ 
borate  and  carbon,  or  boron  carbide,  as  follows; 


2B2O3  +  3C  +  6CI2  - - 

CO2  +  C  ^  2CO 

2Na,B407  +  I4CI2  +  7C  - 


4BClj  +  3CO2 


8BClj  +  4NaCl  +  TCOz 
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2CO 


>  4bCl,  *  C 


d) 

(i) 


The  relative  amounti  oi  carbon  monoxide  and  carbon  dioxide  formed  and 
hence  the  carbon  required  ia  a  function  of  the  gat  ternperalure  and  la  re- 
lated  to  the  equilibrium  COa  ♦  C  j  i  Preliminary 

eslimalea  and  feasibility  atudiea  indicated  that  the  procett  jf  chlorinating 
a  mixture  of  boric  oxide  and  carbon  waa  the  moat  desirable. 


111. 


EXPERIMENTAL 


A.  Apparatus 


Figure  1  is  a  process  flow  sheet  illustrating  the  various  pieces 
of  equipment.  The  reaction  and  recovery  systems  are  shown  in  Figure  2. 

The  basic  components  of  the  experimental  apparatus  were  as  follows;  (a) 
nitrogen  and  chlorine  cylinders,  (b)  rotameter(s).  (c)  RA-l,  vertical  shaft 
reactor  furnace,  (dj  one  or  more  traps  containing  glass  wool,  (e)  »everal 
laboratory  type  pyrex  condensers  and  custom  made  pyrex  receivers,  (  / 
a  water  scrubber,  (g)  a  wet  test  meter,  (h)  an  Orsat  gas  ^»J^y***’* 
ii)  glass  bubbler  tubes  containing  10  per-cent  potassium  iodide. 

CO  4  Cl,  - >  COCl,  ® 

r - 

BCl,  t  3H,0  - >  H,BO,  4  3HC1  (I) 


2BC1,  t  3H2O  - >  B,Oi  4  6HC1 

Ni  ♦  Cl,  - ^  NiCl, 

2Fe  4  3C1,  - >  2FeCli 


(?) 

(?) 

(T?) 


The  effluent  gas  stream  from  R-1  first  passed  through  one  or  t^ore  traps 
containing  glass  wool  which  served  to  filter  out  any  entrained  solids, 
and  other  solids  originating  from  the  decomposition  of  a  complex  which 
contained  trichloroboroxole .  Downstream  from  the  filter  traps  were 
located  several  pyrex  condensers  chilled  to  -60 'F  or  lower  which  condensed 
boron  trichloride,  chlorine,  and  phosgene.  Next,  the  condenser  discharge 
gas  stream  was  passed  through  a  water  scrubber.  The  purpose  of  the  water 
scrubber  was  to  recover  boron  trichloride  and  phosgene  and  to  remove  any 
hydrogen  chloride  present  in  the  gas  stream.  The  following  reactions  occur 
in  the  water  scrubber: 


BCl,  4  3H,0 
COCl,  4  H,0 


HCl 


gas 


^  3HC1  4  H,BO, 
CO,  4  2HC1 
HCl 

aqueous 


(I) 

(II) 

(J2) 


Noncondensable  gases  discharged  from  the  water  scrubber  were  passed 
to  a  wet  test  meter  to  measure  their  volume,  and  to  an  Orsat  gas  analyzer 
to  determine  the  content  of  carbon  monoxide,  carbon  dioxide,  and  oxygen. 
Finally,  the  system  was  vented  to  the  atmosphere. 
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B. 


Raw  Matgriali  and  Preparauon  of  Reactor  Feed 

A  list  of  the  raw  materialt  used  to  produce  boron  trichloride 
along  with  the  analyaea  and  other  pertinent  data  are  presented  in  Table  1. 

1.  Tablets 


The  dry  materials  usually  consisting  of  either  borir 
acid  or  boric  oxide  and  Witco  carbon  black  (or  merely  pure  Witco  carbon 
for  carbon  pellets)  were  mixed  by  hand.  Next,  binder  consisting  of  sugar* 
water,  starch- water  or  chilled  pitch  was  added  and  the  resulting  mixture 
was  premixed  and  then  mixed  in  a  Baker-Perkina  Sigma  type  mixing  r^achine. 
The  mixed  material  was  then  air-dried  to  remove  excess  moisture,  r  *mixed 
in  a  mechanically  powered  rotating  drum  and  compressed  into  l/4'ir.ch  dia¬ 
meter  tablets  by  a  Stokes  Tabletting  Machine.  Finally  the  "green"  tablets 
were  sintered  at  900  to  1300*F  in  a  muffle  furnace  to  drive  off  the  binder 
and  to  convert  boric  acid  to  boric  oxide.  Since  the  sintered  pellets  were 
found  to  be  somewhat  hygroscopic,  they  were  stored  in  sealed  glass  jars. 

^ith  proper  sintering  and  materials  handling  procedures,  residual  hydrogen 
contents  of  not  more  than  0.  3  per  cent  (equivalent  to  2.7  per  cent  water) 
were  obtained. 

2.  Briquets 

Witco  SRF  beaded  carbon  black  and  boric  acid,  (the 
latter  had  been  passed  through  a  micropulveriaer),  were  premixed  in  a 
ribbon  blender  manufactured  by  the  Day  Company.  Binder,  consisting  of 
starch  or  sugar  in  water,  was  added  in  the  mixer  directly.  Additional 
carbon  or  water  was  added  during  mixing  to  produce  a  material  capable  of 
being  briquetted.  The  mixed  ingredients  were  then  pressed  into  briquets 
with  the  use  of  a  Komark-Greaves  Briquettor.  The  "green"  briquettes  were 
sintered  at  900  to  1300*F  in  a  muffle  furnace. 

3.  Spherical  Granules 

Spherical  granules,  1/16-  to  3/4-inch  in  diameter, 
were  prepared  by  spraying  water  to  a  bed  of  premixed  boric  acid  and  Witco 
carbon  contained  in  an  unlined  flighted  drum  which  rotated  about  its  longit¬ 
udinal  axis.  The  wet  granules  were  predried  in  a  rotating  drum  to  elimin¬ 
ate  excess  moisture  after  which  they  were  screened.  Screened  fractions 
were  sintered  at  900*F.  Precautions  were  taken  to  minimize  absorption 
of  moisture  during  storage. 

C.  Procedure 

First,  the  reactor,  R-1  (wl  .^n  was,  in  most  cases  a  standard 
3-inch  nps  x  12-inch  heated  pipe)  was  charged  with  a  boric  oxide-carbon 
feed  and  this  charge  was  heated  to  the  desired  initial  operating  temperature, 
usually  1100*  to  1500*F.  A  nitrogen  purge  was  maintained  throughout  the 
heating  period.  After  reaching  the  temperature  of  test,  the  nitrogen  purge 
was  eliminated  and  gaseous  chlorine  was  passed  to  R-1  after  passing  through 
a  series  of  driers,  and  a  rotameter.  The  following  reactions  occur  in  R-1; 

Main  Reaction; 

ZBjOj  +  3C  +  bCl, - ^ 

CO,  +  C  ^  2CO 


and 


4BCI3  +  3CO2 


Cl) 

(D 
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Undesirable  Side  Reactions 


BCli  ♦  BaO»  - >  (BOCDi 


D.  Nomenclature  Used  to  Designate  Solid  Feed  Composition 


A  code  vas  developed  in  order  to  designate  the  formulation  of 
solid  feed.  An  explanation  of  this  code  follows. 


Boron-containing 
feed  formulation 


1 1  e  m 


100  W 

I  i 


I  3 


i 


4 


SuWa 

i 


S 


(60Wa) 

i 


6 


Item  1  IS  source  of  boron 

A 

O 

NBO  = 
B4C 


boric  acid,  HjBOj 
boric  oxide,  B|Oi 

Sodium  tetraborate,  Na|B407,  (anhydrous) 
boron  carbide,  B4C 


item  2.  is  per  cent  excess  carbon  over  the  stoichiometric  quantity  based 
on  the  follou^ing  reaction- 

B,0,  .  JC  .  }CI,  - >  2BC1,  ^  JCO  (D) 

Example  AMOOW.  U  123.6  g.  boric  acid  (2  molea), 

which  is  equivalent  to  1  mole  of  B|0|  are 
used,  then  72  g.  Wilco  carbon  (6  moles), 
are  added. 


item  3  is  source  of  carbon 

W  =  Witco  Chemical  Company 

Furnace  Black:  F-1  powder  for  pellets  and  SRF 
beaded  black  for  briquets. 

CG  =  Calcined  Gilsonite 

PC  =  Petroleum  coke 

item  4  is  weight  per  cent  of  the  binder  on  a  wet  basis. 

item  5  is  type  of  binder: 


K-150  = 

Koppers  pitch, 

m. p.  ,  150' 

K-200  = 

Koppers  pitch. 

m. p.  ,  200 

SuWa  = 

Sugar -water 

S  Wa  = 

Starch-water 

M  Wa  = 

Industrial  molasses-water 

item  6  is  weight  per  cent  of  water  in  the  binder. 
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E. 


Chamiol  Analyitt 


1 


Solid  r«cd  Mate rt>l 


Fetd  material  containing  boron  and  carbon  waa  analyaed 
for  boron,  carbon,  and  hydrogen.  In  the  early  phaae  of  bench-acale  pro- 
ceai  development  atudiea.  carbon  feed  (briqueta  or  pellete)  waa 
for  carbon  and  hydrogen  only.  However,  teata  ahowed  that  a  conaiderable 
amount  of  boron  waa  picked  up  by  carbon  mixea  during  mixing  and 
ing.  Therefore  a  boron  analyaia  waa  included.  The  analytical  procedure 
wfa  aa  follow*  A  ground  aample  contained  in  a  fritted  glaaa  crucible  waa 
uaahed  with  a  dilute  acid  aolution.  The  pH  of  the  filtrate  waa 
to  addition  of  mannitol  to  complex  the  bone  acid,  and  the  reaultant  aolution 
waa  titrated  with  atandard  aodium  hydroxide.  A  pH  meter  waa 
determine  the  endpoint.  Next  the  reaidue  waa  dried  at  J,’ 

The  weight  of  dried  reaidue  waa  reported  a*  per  cent  carbon.  Hydrogen  waa 
determined  by  the  atandard  combuation  method  utiliaing  micro  or  macro 

technique!. 


Z.  Proceaa  Analyaea 

Figure  3  aummarlaes  the  varioua  chemical  analyaea 
for  chlorination  experimenta  which  were  required  for  calculation  of  material 
balancea,  yielda,  recoveriea  and  over-all  stream  compoaitions .  Conven¬ 
tional  methods  were  employed.  Phosgene  waa  determined  by  infrared 

analysis. 


F.  Electrode  Furnaces 

1 ,  Electrode  Furnace  Type  1 

A  drawing  depicting  the  details  of  the  electrode  fur¬ 
nace  ia  presented  as  Figure  4.  The  electrode  furnace,  Type  I,  consisted 
of  six  I -inch  diameter  graphite  electrode*  encased  in  Vycor  and  inserted 
into  a  ceramic  or  Vycor  glass  reaction  tube.  The  design  of  the  reactor 
packing  gland  permitted  linear  adjustment  of  the  electrodes  to  compensate 
for  consumption  during  reaction.  All  electrical  paths  were  insulated  from 
metal  components.  Power  to  each  of  the  three  electrode  pairs  was  con¬ 
trolled  by  individual  220-volt,  single-phase  Variacs. 

Table  II  summarizes  the  work  performed  with  the 
Type  I  electrode  furnace  reactor.  All  the  tablets  used  for  this  series  of 
experiments  were  prepared  with  Welding  Engineers  Pitch  as  binder. 

The  results  were  unsatisfactory  because  of  an  inability  to  heat  the  entire 
furnace  to  reaction  temperature.  Preferential  current  paths  were  observed 
in  the  reactor  and  the  bed  was  fused  after  every  heating  attempt.  Contact 
between  the  .lectrode  and  the  pellets  was  lost  periodically  and  the  electrodes 
had  to  be  inserted  further  into  the  tube  to  regain  contact  with  the  bed. 

Power  required  to  maintain  the  bed  at  1600*F  was  found  to  be  250  watts. 

The  electrode  furnace  was  charged  with  crushed 
and  sintered  feed  material  so  as  to  attain  better  contact  with  electrodes. 
However,  this  modification  failed  to  result  in  improved  operation  and 
the  bed  fused  as  before.  An  attempt  to  obtain  better  distribution  of  the 
heat  by  passing  chlorine  through  the  bed  was  also  unsuccessful. 
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Two  electrodes,  esich  eight  irches  high  and  oi.e  inch 
wide,  were  pUced  ini..dc  the  furnace  parallel  to  »•  d  oppotite  each  other 
in  order  to  increaee  the  effective  heating  vjlum*  of  the  bed.  Preferential 
current  and  heating  pathe  were  again  noted  but  higher  temperature!  were 
ob.erved  over  a  greater  bed  depth.  The  boric  o*id€^cyhon  chMn€  CQn> 
tamed  in  the  modified  electrode  reactor  was  heated  to  1290  F  (700  C)  in 
locahied  areae.  However,  fusing  of  the  charge  pereieted.  Chlorine  was 
not  passed  through  the  bed.  A  repetition  of  this  experiment  produced  Ihe 
same  result* 


2.  Electrode  Furnace  Type  11 

A  second  resistance  bed  electrode  furnace  was  fab¬ 
ricated.  It  consisted  of  a  4-inch  inside  diameter  bv  12-inch  long  Hastelloy 
pipe  lined  with  a  separate  piece  of  Vycor  pipe.  Each  of  the  three  electrodes 
consisted  of  an  8-inch  high  by  1-inch  wide  by  1,2-inch  thick  piece  of  graphite 
attached  to  a  horiaontal  I -inch  diameter  piece  of  round  graphite  which  ex¬ 
tended  through  the  Vycor  and  Hastelloy  tubes,  and  through  the  Vermiculite 
and  Transite  insulation  to  make  contact  with  the  power  leads.  Power  was 
supplied  by  a  3 -phase,  220 -volt  line  with  individual  variac  control  to  each 
electrode.  The  reactor  was  equipped  with  three  horitontal  ceramic 
thermowells  encased  in  1/ 2-inch  diameter  nickel  pipes  and  spaced  2-1/2- 
inches  above  each  other. 

Results  of  a  calibration  experiment  with  sintered 
carbon  pellets  as  the  charge  are  shown  in  Table  III,  Approximately 
and  one -half  hours  were  required  ‘o  raise  the  bed  temperature  to  1 1 00  F, 
The  power  necessary  to  maintain  that  temperature  was  757  watts.  Power 
required  to  maintain  a  temperature  of  1  300*F  was  956  watts. 

Chlorination  experiments  were  not  conducted  with 
this  furnace  because  work  had  been  initiated  on  another  reactor  system 
which  seemed  more  promising, 

G.  Externally  Heated  Reactor  (Resistance  Wire-Heated) 

Figure  5  is  an  illustration  of  the  resistance  wire  furnace 
used.  Nichrome  wire  covered  8  inches  of  the  12-inch  effective  heating 
zone.  The  reactor  design  permitted  intermittent  manual  feeding  of  solid 
feed  as  well  as  intermittent  bottoms  removal.  The  reactor  parts. were 
fabricated  from  nickel  or  high  nickel  alloy  except  the  feed  and  ash  re¬ 
moval  valves  which  were  cast  iron.  This  design  enabled  the  replacement 
of  a  defective  reactor  tube  without  replacing  or  modifying  the  furnace 
headers. 


Initially,  a  51 -mm.  Vycor  tube  was  wrapped  with  Nich¬ 
rome  wire  having  a  resistance  of  20  ohms.  Power  was  supplied  through 
a  220 -volt  vari-.c.  This  furnace  containing  boric  oxide -carbon  tablets 
was  heated  to  1320*F  for  one  hour  and  the  bed  was  not  fused  when  examined. 

The  Vycor  tube,  however,  was  found  to  be  fractured  and  it 
was  replaced  with  a  2-inch  n.p.s.  nickel  pipe,  schedule  40.  Shorting 
of  the  resistance  wires  was  minimized  by  imbedding  them  in  alundum 
cement.  This  reactor  was  quite  durable  and  was  operated  for  as  many 
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T- 


ftt  tix  btfof*  Ihx  wire#  thori  circiiittd.  Th«  txro-incli  inch#i 

reactor  waa  roplacad  with  a  1-inch  nickel  pipe.  One  chlorinatioii  experi- 
ment  was  conducted  with  uee  of  a  4- inch  reactor  plue  the  general  equipment 

shown  in  Figurei  1  and  2. 

During  most  of  the  experiments  boric  oride-carbon  pellets 
were  fed  semi -continuously  to  the  primary  chlorinator,  R-l.  At  intervals 
s  combination  bed  level  bed-packing  tool  was  Inserted  at  the  top  of  the 
reactor,  to  pack  the  bed  and  check  the  level.  Additional  feed  was  added 
to  bring  the  bed  up  to  the  original  level  and  ash  was  periodic^ly  with 
drawn  through  the  bottom  valve.  The  incorporation  of  a  double -valv-e. 
air  lock  feeding  system  eliminated  the  necessity  of  turning  off  the  chlorine 
during  bed  level  checks,  packing  of  the  bed.  or  charging  of  fresh  boric 
oxide-carbon  feed.  Operating  instructions  called  for  continuous  operation 
until  difficulties  such  as  excessive  leakage  due  to  plugs  in  the  reactor  bed 
or  effluent  gas  stream  or  corrosion  of  metal  components  forced  termination 
of  the  experiment.  Tables  IV  and  V  simmarise  the  results  of  the  preliminary 
process-development  chlorination  experiments. 

IV.  PROCESS  VARIABLES 

A.  Production  Rate  vs.  Chlorine  Rate 

Figure  6  is  a  plot  of  chlorine  rate  vs.  boron  trichloride  production 
rate.  A  production  rate  of  90  lb. /hr. /ft.*  of  charge  (4.4  lb.  BCl,/^hr.  for  a 
IZ-inch  X  3-inch  diameter  bed)  was  attained  at  a  chlorine  rate  of  34  cu. ft. /hr. 
at  S  T.P.  {BL-26).  and  chlorine  did  hot  appear  in  the.ef/luent  untU  9 minutes 
after  start-up.  Chlorine  rates  higher  than  34  cu.ft./hr.  at  S.T.P.  were  not 
attempted  because  of  the  inadequacy  of  the  recovery  fy*^*^*  Assuming  50 
per-cent  void  space  in  the  bed  under  the  conditions  of  BL-26,  the  minimum 
residence  time  of  chlorine  in  the  heated  bed  was  calculated  as  0.25  second. 


B.  Feed  Formulation 

Figure  7  shows  the  effect  of  varying  amounts  of  excess  carbon 
on  the  boron  trichloride  production  rate  vs.  chlorine  rate  curve  for  full  - 
bed  (12-inch  solid  feed)  experiments.  To  eliminate  any 
reaction  temperature,  only  data  in  the  temperature  range  1  307  to  1  364  r 
are  plotted.  A  single  exception  to  this  temperature  limitation  is  one  point 
at  1242*F.  Figure  7  shows  that  the  amount  of  excess  carbon,  ranging 
from  20  to  200  per  cent,  has  an  insignificant  effect  on  the  production  rate. 


C .  Relative  Reactivity  of  Boric  Acid  and  Boric  Oxide  Base  Pellets 

A  series  of  chlorination  experiments  were  performed  to  deter¬ 
mine  the  relative  reactivity  of  boric  oxide  and  boric  acid  base  pellets. 

In  each  case  the  pellets  charged  to  the  reactor  R-l  were  sintered  to  con¬ 
vert  boric  acid  to  boric  oxide  an-'i  to  drive  off  the  binder.  The  results 
of  these  experiments  are  presented  in  Figure  7,  Boron  Trichloride  rate 
versus  Chlorine  rate.  Comparing  the  curve  for  A*100W*25k.  150  feed  with 
those  for  boric  oxide  base  pellets,  it  is  apparent  that  there  is  an  insignificant 
difference  between  acid  and  oxide  as  a  starting  material  with  respect  to 
boron  trichloride  production  rate. 
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O.  Kffcct  ui  Ttmpg  future 

Th#  data  plolUd  in  Figure  6  iproductton  rale  va.  chlorine 
rate)  are  for  chlorination  eKpenmenia  made  in  the  temperature  range 

n§0*  to  lS9i*F.  There  <  }§  not  appear  to  be  any  aignificant  dUerepancy 

in  the  data  plotted  for  the  line  which  cannot  be  attributed  to  eaperiwntal 
error.  Proceai  development  atudiea  performed  by  the  Chemical  Reaearch 
D>p.rlm.nl  (Olln  M.lhi.ton  Ch.mic.1  Corpor.tion)  liwIU.l.d  th.t  th. 
ol  pr.p.rin»  boron  tricMorid.  .1 

are  threefold  (a)  the  rate  of  reaction  la  fa  ate  r.  (b)  the  period  of  complete 
chlorine  converaion  ia  longer,  and  (c)  there  appeara  to  be  leaa  ao  i 
intermediate  ("white  aolida")  depoaited  in  the  effluent  gaa  linea. 


A  plot  of  chlorine  converaion  va.  initial  bed  temperature  for 
feeda  containing  varioua  amounta  of  enceaa  carbon  ia  preaented  in  Figure  8. 
The  data  for  each  level  of  exceaa  carbon  exhibita  a  high  degrwe  of  experi¬ 
mental  acatter.  If  any  poaaible  influence  of  exceaa  carbon  ia  ignored  the 
reaulting  line  indicatea  that  increaaing  the  initial  bed  temperature  produ.ea 
an  increaae  in  the  chlorine  paaa  yield  converaion.  For  experimenta  at 
higher  temperaturea,  the  volume(deplh)  of  bed  neceaaary  to  preheat  the  in¬ 
coming  cold  chlorine  wan  leaa  than  that  required  for  experinmnta  at 
relatively  low  temperaturea.  Conaequently  it  ia  believed  that  part  of  the 
increaaed  boron  trichloride  production  rate  of  higher  temperaturea  ia 
attributed  to  the  gnin  of  "effective  heated  volume  of  the  bed".  Additional 
experimenta  to  eatabliah  the  effect  of  tempeiature  more  accurately  were 
not  made  becauae  of  the  urgent  needa  to  evaluate  other  proceaa  variablea. 


E.  Effect  of  Bed  Height 

The  reactor  bed  height  appeara  to  be  a  very  important 
variable.  Figure  9  depicta  the  relationship  between  boron  trichloride 
production  rale,  Ib./hrVft.*  of  charge  and  chlorine  rate  for  aeveral 
bed  heighta.  This  figure  ahows  that  higher  production  rater  are  exper¬ 
ienced  for  smaller  bed  heighta.  Figure  10  illuatratea  the  effect  of  bed 
height  on  boron  trichloride  production  rate  at  aeveral  levela  of  chlorine 
throughout  and  this  plot  alao  ahows  the  substantially  higher  production 
rates  at  lower  bed  levels. 

A’‘.hough  lower  bed  heights  result  in  increased  boron  tri¬ 
chloride  production  on  a  lb. /hr.  / ft.  ’  of  charge  basis,  this  increase  is 
attained  at  the  expense  of  lower  chlorine  conversions.  This  supposition 
is  illustrated  in  Figure  11;  "Chlorine  Conversion  vs.  Chlorine  Rate  for 
Three-,  Six-,  and  Twelve-Inch  Bed  Heights".  Referring  to  this  figure 
the  following  chlorine  conversions  are  noted  for  10  cu.ft./hr.  at  S.T.P. 
of  chlorine:  twelve-inch  bed,  59  per  cent;  six-inch  bed,  53.5  per  cent,  and 
three-inch  bed,  41  p»?r  cent. 

F.  Recoveries  and  Yields 

In  Table  V,  the  recoveries  and  pass  yields  are  i^ummar- 
ized.  The  per-cent  recovery  does  not  total  100  per  cent  because  of 
such  factors  as:  (a)  inaccurate  rotameter  readings;  (b)  leaks  in  the  re¬ 
covery  system;  and  (c)  incomplete  samplings.  For  full-bed  (12  inches) 
experiments,  the  following  average  values  were  calculated: 
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Boron 


Chlorin# 


P»tt 

Yn*Id 
per  cent 

29 


Overall 
Yield 
per  cent 

§0 


Pats 

Recovery  Yield 
per  cent  per  cent 


7J 


65 


Recovery 
per  cent 

•4 


Cl|  in 
Condensed 
Product 
per  cent 

0 » 5  to  2tl  • 


The  lovr  boron  piss  yield  is  attributed  to  inconnplete  reaction  and  to 
bormation  of  white  solids.  The  difference  between  chlorine  recovery 
and  chlorine  paes  yield  represents  Cl  as  hydrogen  chloride  and  con¬ 
densed  free  chlorine.  Although  the  purity  of  the  product  ehows  a 
considerable  range  for  free  chlorine  content*  approxinnately  25  per  cent 
of  the  full-bed  experiments  yielde**  condensed  product  with  a  free 
cnlorine  consent  of  less  than  I  per  cent.  Condensed  product  from  the 
prelimi"s»y  process-development  experiments  was  not  analysed  for 
phosgene.  However,  the  phosgene  content  of  condensed  product  from 
experiments  using  boric  oxide-carbon  briquets  as  R-l  solid  feed  was 
between  0,0  and  0.9  per  cent. 


G. 


Formation  of  "White  Solids' 


Reference  to  the  •remarks*'  column,  Table  V,  shows 
that  quite  a  few  experiments  were  terminated  because  of  the  formation 
of  plugs  in  the  reactor  effluent  gas  lines.  These  plugs  were  caused  by 
formation  of  fluffy  white  material  designated  as  "white  solids  ".  To 
prevent  these  solids  from  collecting  in  the  spirals  of  the  product  con¬ 
densers,  glass  wool  was  inserted  in  the  2-inch  pyrex  <jffluent  gas  line 
to  serve  as  a  filter.  The  presence  of  these  solids  may  be  attributed 
to  the  formation  of  a  complex  which  contained  trichloroboroxin*' ,  which 
according  to  the  literature,  decomposes  very  rapidly  and  gives  off 
hydrogen  chloride  when  exposed  to  the  atmosphere  (1). 

Table  VI  lists  the  compositions  of  the  solids  found  in  the 
effluent  gas  lines  for  experiments  450D-48  and  BL-1  to  25.  Solids  were 
exposed  to  the  atmosphere  during  sampling  and  sample  preparation. 

These  data  are  presented  graphically  in  Figure  12.  Indications  are  that 
larger  concentrations  of  boric  oxide  are  present  at  the  higher  chlorine 
rates.  Table  VII  is  a  compilation  of  weight  of  boron  in  boron  trichloride 
produced  divided  by  weight  of  boron  in  the  "white  solids".  An  attempt 
to  correlate  the  Bj-p,  to  B  ,  ,  ratio  with  chlorine  rate,  tem¬ 

perature  and  bed  *  level  ifA  ^successful  due  to  scatter  of  the  data. 
However,  Figure  13,  "Effect  of  Chlorine  Rate  on  Bg^j^  to  B  solids 

Ratio"  suggests  that  greater  boron  conversion  (to  boron  trichloride) 

18  attained  at  higher  chlorine  rates.  The  data  contained  in  Table  VII 
indicate  that,  on  the  average,  a  B^^j  to  solids 

be  expected.  * 

"White  solids"  were  synthesized  in  the  laboratory  by 
passing  boron  trichloride  through  a  bed  of  dry  boric  oxide  at  temperatures 
as  low  as  STU'F.  Nitrogen  or  chlorine  did  not  produce  "white  solids" 
when  passed  through  boric  oxide  which  shows  that  these  solids  are  not 
entrained.  When  a  portion  of  the  synthesized  solids  were  heated  to  1110‘F 
(600 “C),  they  did  not  «»ublime  but  instead  formed  a  sticky  mass  presumed 
to  be  molten  boric  oxide. 

(1 }  "Trickloroboroxole" ,  Goubeau  and  Keller,  Z  anorg.  u.  algem. 
chem.  265,  pp.  73-89,  1951  . 
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An  Air  lAnipIff  of  "lAhitc  iolldi*  was  oblAiiivd  ittin§ 

A  onif-inch  Vyiar  lubr  conUining  pelUltsed  boric •o*ide-c«rbon 
healed  bv  a  *pl‘t  element  resistance  wire  furnace.  This  sample  yielded 
a  boric  oxide  to  boron  irichloride  ratio  of  J,06  to  I,  which  does  not 
correspond  to  the  1  I  ratio  of  irichloroboroxine. 

Various  attempts  were  made  to  eliminate  or  decrease  the 
amount  ol  'while  solids'  formed.  A  reactor  containing  JOO  per  cent 
excess  carboii  failed  to  effect  a  reduction. 

The  solids  deposited  in  the  effluent  gas  lines  were  not 
always  white,  on  many  occasions  they  were  contaminated  by  appreciable 
amounts  of  chlorides  of  nickel  and  iron.  Compositions  of  solids  collected 
in  the  effluent  gas  lines  during  experiments  BL-28  to  H  are  shown  in 
Table  Vlll. 


"White  solids  "  caused  severe  operating  difficulties  because 
they  plugged  the  gas  lines.  It  is  believed  that  the  boron  trichloride  produced 
in  the  chlorinator  reacts  with  boric  oxide  in  the  feed  to  form  the  compound 
t richlorobor oxine ,  or  BjOfClt  which  deposits  out  of  the  gas  stream  at 
approximately  570*.  The  compound  when  decomposed,  liberates  boron  tn- 
chiorid.'  and  deposits  boric  oxide  containing  a  portion  of  trapped  boron 
t!iihlor;de  b.p.  54 .  S  *  F  as  white  solids . 


n.  Formation  of  Hydrochloric  Acid 


tven  for  experunenis  at  low  chlorine  rates  showing  very 
Utile  chlorine  in  the  condensed  product,  the  chlorine  pats  yield  (conversion) 
was  sienifuanily  less  than  the  chlorine  recovery;  for  example  in  expen- 
men‘  BL-lO  at  9.5  cu.fl./hr.  at  S.t.P.  ^ :  chlorine,  there  was  0.  ^9  per  cent  c  hlonm 
in  the  condensed  product,  chlorine  recovery  was  76,7  per  cent  and  chlorine 
c  onversion  was  65.6  per  cent.  Infrared  and  mass  spectrographic  analyses  of 
the  reactor  effluent  gas  indicated  the  presence  of  10  to  30  per  cent  hydrogen 
hloride.  These  results  were  substantiated  by  the  presence  of  Cl  in  the 
/ater  scrubber  in  considerable  quantities  above  the  stoichiometric  equi¬ 
valent  of  the  boron  content.  For  a  boric  oxide -carbon  pellet  feed  containing 
11  per  cent  boron  (B,0,)  and  only  0.2  per  cent  hydrogen  (water)  the  chlorine 
conversion  is  reduced  by  6.7  per  cent  in  accordance  with  the  reaction. 


2BC1,  +  3H,0 


BzOi  i  6HC1 


(5) 


The  detrimental  effect  of  relatively  small  quantities  of  residual  (after 
sintering)  hydrogen,  in  reducing  boron  an'*  chlorine  conversions,  contributing 
to  "white  solids"  formation,  and  indirectly  increasing  corrosion,  has  been 
recognized.  Therefore,  appropriate  precautions  were  taken  in  storage, 
sintering,  and  handling  to  prevent  absorption  of  moisture.  Sintering 
experiments  indicated  that  it  was  almost  impossible  to  reduce  the  residual 
hydrogen  content  to  a  level  less  than  0.  1  per  cent  (0.9  per  cent^water) 
and  that  increasing  the  sintering  temperature  from  900  to  1300*F  not 
only  failed  to  reduce  the  hydrogen  content,  but  also  increased  the  boron  and 

carbon  losses. 


The  average  hydrogen  chloride-boron  trichloride  weight 
ratio  for  eight  randomly  chosen  full-bed  experimenU  was  0.  38;  hydrogen 
chloride-boron  trichloride  weight  ratios  for  these  experiments  are  pre¬ 
sented  in  Table  IX.  The  highest  hydrogen  chloride -boron  trichloride  ratio 
of  the  eight  experiments  was  exhibited  by  3L-18,  0.629,  and  the  lowest 
by  BL-19,  0.232. 
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I. 


CarlMifi  lloiiOKt4» "Carbon  Dio«id»  Ratio  m  tli»  V«m  Gf 
Mrcbaoiatn  of  tiw  Wtaction 


Tha  rart»on  monoaida-carbon  dioxid#  ratios  obtained  in  the 
vent  gatei  for  theaa  aaptrimanta  ara  ahown  in  Tabla  X  ami  figwra  14, 

The  latter  incluilaa  Coreas  for  lha  theroatical  carbon  diosida-carbon  mono* 
aide  equilibrium  3)  ralatianship  with  and  without  the  dilutir*  effect  of 
boron  trichloride.  Figure  14  shows  that  the  fraesence  of  baron  trichloride 
or  any  other  diluent  such  as  phosgene,  hydrogen  chloride,  or  free  chlorine 
lends  to  displace  the  carbon  monoaide -carbon  dtoaide  vs,  temperature 
curve  to  higher  ratios. 

The  eaact  mechanism  of  the  reaction  is  not  known.  It  is  believed 


that  the  reaction  proceeds  by  one  of  two  paths 

B,0,  ♦  SC  ♦  IClj  - P  2BCI,  ♦  SCO  {[J) 

finally  CO,  •  C  2CO  0 

or  2B|Oi  •  SC  ♦  6C1,  »  4BCl|  ♦  SCO,  (0 

CO,  ♦  C  ^ .  . =^100  0 


Figure  14  shows  that  increasing  the  bed  height  (longer  residence 
lime  for  CO,  ♦  C  5==±2COequilibrium),  causes  an  increase  in  carbon 
monoxide -carbon  dioxide  ratio.  This  observation  sugg«ts  that  carbon  dioxide 
rather  than  carbon  monoxide  is  formed  first,  equation  Q3*  Cleveland 
Industrial  Research,  a  subco-*  ractor ,  reported  that  hot  boric  oxide  did  not 
chlorinate  when  subjected  toa  mixed  stream  of  carbon  monoxide  and  chlorine. 

The  data  contained  in  Figure  14  indicate  that^rbon  dioxide  and 
not  carbon  monoxide  is  formed  initially  and  hence  reaction  yQ  occurs.  The 
higher  than  theoretical  carbon  monoxide -carbon  dioxide  ratios  for  IZ-inch 
beds  may  be  attributed  to  the  presence  of  hydrogen  chloride  and  /  or  phosgene 
in  the  reactor  effluent  gas  stream. 

J ,  Bed-Movement 

By  far  the  most  serious  operating  difficulty  experienced 
during  the  foregoing  semi- continuous  and  subsequent  batch  chlorination 
experiments  was  the  failure  of  the  bed  to  drop  even  after  it  was  almost 
thoroughly  chlorinated.  An  examination  of  the  reactor  bed  prior  to  pass¬ 
age  of  chlorine,  by  probing  withametal  rod  always  showed  it  to  be  soft 
or  fused.  This  characteristic,  is  attributed  to  the  physical  characteristics 
of  amorphous  boric  oxide.  The  amorphous  form  has  no  definite  melting 
point.  At  750*F,  amorphous  boric  oxide  softens  sufficiently  to  be  mechanically 
deformed;  at  1110  to  1290T,  the  viscosity  is  reduced  so  that  extrusion 
is  possible;  and  at  temperatures  above  1440*F,  it  melts.  Consequently 
softening  of  the  bed  to  some  extent  is  almost  unavoidable.  To  alleviate 
softening  and  fusing,  the  solid  charge  for  most  chlorination  experiments 
contained  a  considerable  amount  of  excess  carbon.  Attempts  to  correlate 
bed  movement  difficulties  with  chlorine  rate  and  bed  temperature  were  not 
successful. 


Page  11 


V. 


use  or  A  CARRON  BKD  TO  COHVERT  WHITE  SOLIDS 


A,  Ducm»ion 

Tli»  *wkit«  toltclt*  formed  along  with  boron  trtchlorldo 
roiiuilrd  in  fugging  of  Iht  •fOuent  gat  lintt  ntctttitating  froqutnt  thil 
tiowfi,  and  reduction  in  chlortnt  and  boron  convtroiont.  Solid  aecumulai- 
1114  in  ihe  linot  would  prevent  continuout  operation  irf  a  commercial  tise 
reactor.  It  wat  believed  that  since  the  "white  tolidt*  appeared  to  be 
boric  oxide  they  could  be  reacted  in  the  pretence  of  carbon  and  supple¬ 
mentary  chlorine  to  form  additional  boron  trichloride.  An  extensive 
test  program  was  initiated  to  determine  (a)  the  feasibility  of  using  a 
carbon  bed,  and  (bi  t.»e  optimum  site  of  carbon  bed  for  while  solids  cwi- 
version.  All  the  caruvMi  bed  experiments  were  oi  the  "batch"  type. 

At  first  a  I -inch  diameter  x  IZ-inch  long  horiaontal 
auAiIiary  carbon  bed  was  installed  immediately  downstream  from  the  re¬ 
actor «  Experiments  BL-J4  to  41  were  conducted  with  this  addition.  The 
results  were  not  conclusive.  In  a  second  set  of  experiments,  carbon 
pellets  were  charged  directly  into  a  J-inch  inside  diameter  by  12-inch 
(heated  length)  chlorinator  on  top  of  a  charge  of  boric  oxide-carbon 
pellets.  The  results  of  those  special  experiments  (A-l,  2  and  6)  were 
so  encouraging  as  to  warrant  fabrication  of  a  2-1 /2-inch  Inside  diameter 
X  24-lnch  long  carbon  bed  reactor.  Experiments  BL-45  to  56  were  made 
with  this  larger  carbon  bed  in  a  horiaontal  position.  Excessive  channel¬ 
ing  through  the  carbon  bed  necessitated  the  installation  of  a  vertical 
carbon  bed.  Thirty-one  batch  chlorination  experiments  (BL-57  to  83) 
were  made  in  the  2-l;2-lnch  inside  diameter  by  24-inch  long  (heated) 
vertical  bed.  Chlorine  rate  and  carbon  bed  level  were  varied  to  obtain 
design  data.  Experiments  BL-84  to  91  were  performed  to  determine 
the  effect  of  feed  formulation  (per  cent  excess  carbon)  on  production 
rate.  Except  for  a  few  control  experiments  a  separate  stream  of 
chlorine  was  passed  to  the  carbon  bed.  The  results  of  the  carbon  bed 
experiments  are  summan  zed  in  Tables  XI,  XII,  and  XIll 

B.  One -Inch  Inside  Diameter  Horizontal  Carbon  Bed 

The  apparatus  utilised  for  this  series  of  experiments, 

BL-34  to  41 ,  was  essentially  the  same  as  that  used  for  the  preliminary 
process -development  studies  as  illustrated  in  Figures  I  and  2.  A  1-inch 
inside  diameter  by  12-inch  long  horizontal  carbon  bed  tube  was  installed 
at  the  1-inch  nickel  pipe  section  of  the  chlorination  reactor  effluent 
gas  header.  The  carbon  bed  charge  consisted  of  carbon  (Witco)  pellets 
and  was  heated  to  approximately  1300*F.  A  supplemental  chlorine  stream 
Wi,  s  passed  to  the  carbon  bed.  R-2.  The  R-2/R-1  chlorine  feed  raiio 
was  r .  2. 


In  general,  the  operating  procedure  was  the  same  as  that 
used  for  the  preliminary  process -development  studies.  However;  si  tce 
these  experiments  were  batch  type,  boric  oxide-carbon  feed  material 
was  not  charged  during  the  experiment.  Operating  instructions  were 
to  pass  chlorine  until  free  chlorine  appeared  in  the  effluent  gas  stream 
as  indicated  by  color  change  of  a  10  per-cent  poUssium  iodide  bubbler, 
or  until  excessive  pressure  or  any  other  operating  failure  forced 
termination. 
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Ftgurt  II  com|Mifti  Iht  produciion  riir  vi,  clilorinr  ralr 
curvf  lor  the  I -inch  »  12-inch  carbon  bed  eiiperimenia  with  corresponding 
curvi*»  lor  the  preliminary  proceas-developmeni  eiiperimenli.  Two  I  * 
U-tneh  carbon  bed  production  rate  curvet  are  ahown.  one  baaed  on  the 
cMonnr  rate  tothepnmarf  reactor  R-l,  and  the  other  baaed  on  total 
chlorine  rate  to  R-l  and  R-2.  A  companion  of  the  regular  eaperimeni 
(no  carbon  bed)  curve  with  that  lor  I  x  12-inch  carbon  bed  eicperimenta 
bated  on  chlorine  rate  ol  R-l  only,  indicatea  that  additional  converaion 
occurred  in  the  carbon  bed  \R-2),  However,  with  the  total  chlorine 
rate  aa  a  baaia,  it  wa*  apparent  that  mo»t  of  'he  chlorine  led  to  R-2  waa 
not  undergoing  reaction.  Alao,  the  average  chlorine  converaion  lor 
the  I  X  12  horiaontal  carbon  bed  experimenta,  14.1  per  cent,  waa  lower 
than  that  lor  regular  experimenta.  61  per  cent.  The  average  ratio  ol 
boron  in  boron  trichloride  to  boron  in  white  aolida  waa  II.S  which  doea 
niM  repreaent  an  improvement  over  the  ratio,  14,  obtained  lor  the  earlier 
experimenta . 


The  ellluent  gaa  velocitv  waa  increaaed  9-lold  in  the  1-inch 
inaide  diameter  carbon  bed  alter  paaaing  Irom  the  J-inch  inaide  diameter, 
primary  reactor,  R-l,  The  abort  reaidence  time  apparently  waa  not 
aufficient  to  permit  converaion  ol  the  aolida.  The  auxiliary  carbon  bed 
was  then  charged  directly  into  the  heated  xone  ol  the  reactor  on  top  ol 
the  boric  oxide-carbon  charge  to  determine  the  ellectiveneas  of  a  carbon 
bed  in  a  3-inch  diameter  reactor. 

C,  Layer  ol  Carbon  l^elleta  on  Top  of  Boric  Oxide-Carbon 
Pefleti - 


The  apparatus  used  was  the  sarr.c  aa  that  for  the  preliminary 
process-development  studies. 

First,  boric  oxide  base  pellets  containing  100  per  cent  excess 
Witco  carbon  were  charged  to  R-l  so  that  a  3-inch  tall  bed  was  contained 
in  the  hot  zone.  On  top  of  this  feed,  a  3-  or  9-inch  layer  of  Witco  carbon 
pellets  was  added  to  serve  aa  the  carbon  bed.  Chlorine  at  the  relatively 
high  rate  of  20  cu.  ft.  /hr.  at  S.T.P.  was  passed  to  R-l  until  /as 

assumed  to  be  exhausted  based  on  predetermined  calculations  until 
operating  diificulties  forced  f  rmination  of  the  experiment. 

The  average  prouuction  rate  lor  experiments  BL-Sp.  F.xp. 

A,,  Ai,  and  A,,  142  1b./hr./ft.*(.f  bed  (Table  XII),  (based  on  a  3 -inch 
diameter  x  3-inch  high  bed)  was  greater  than  the  calculated  for  a  3-inch 
reactor  bed  height  without  a  carbon  bed,  130  lb. /hr. /ft.*  of  charge  using  an 
extrapolation  of  the  data  presented  in  Figure  9.  In  view  of  these  encourag¬ 
ing  results,  a  2-1  /2-inch  inside  diameter  x  24-inch  long  horizontal  car¬ 
bon  bed  secondary  reactor  was  fabricated  for  further  carbon  bed  experi¬ 
mentation. 

D.  2-1 /2-Inch  Inside  Diameter  by  24-lnch  Horizontal  Carbon  Bed 

The  reaction,  carbon  bed,  and  solids  recovery  section 
of  the  apparatus  used  for  experiments  BL-45  to  56  are  illustrated  in  Figure  16. 
The  resistance  wire-heated  R-l  used  for  previous  experiments  was  replaced 
with  a  gas-fired  reactor  of  the  same  dimensions  (3-inch  n.p.s.  x  12  inches 
long).  Carbon  pellets  in  the  nickel  carbon  bed  reactor  were  replaced  after 
ever  3  experiments.  The  solids  trap  assembly  depicted  in  Figure  16 
was  found  to  be  ineffective  and  was  replaced  with  a  2-inch  diameter  pyrex 
pipe  containing  glass  wool.  No  changes  were  made  in  the  recovery  system 
illustrated  in  Figures  1  and  2. 
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Chlorine  Oo^f  maintained  until  (rte  chlonnt  appeared 
in  itie  rearior  elllueni  or  until  a  termination  was  nectaeilated  by  oi^ratlonal 

diduuUle..  Th«R.^.R•l  •  R-Z  cMorin.  j!*!'*'*  ®;J, 

•nd  0  t.  Wiih  lh»  r«r«-plion  ol  BL-4S.  in  ' 

wa«  u*cd.  the  primary  reactor  charge  coneiated  of  A»I00  W  einlered 

pelleti. 


In  Figure  H  the  production  rate  ve.  chlorite  rate  data 
are  plotted  with  the  uae  of  both  the  chlorine  rate  to  R-l  o^y  and  total 
chlorine  rale  a.  a  ba.ie.  Both  curve,  enhibit 

.ignificantl  *  higher  than  that  for  the  regular  (no  carbon  bed J  experi- 
menfi.  Th.  le  data  indicate  that  virtually  all  of  the  R-2  chlorine  feed 
reacted  with  the  "white  .olid."  or  complex  to  form  additional  boron 
trichloride.  Thi.  ob.ervation  wa.  .ubitalntiated  by  the  *'«***® 
average  chlorine  conver.ion  l72  per  cent)  «•  oppoatd  to  59  to  65  per 
cent  for  the  regular  experiment.. 


Although  the  2-1/2  x  24-  inch  horixontal  carbon  bed  appeared 
to  be  effective  in  converting  the  complex,  aome  uncertainty  exi.ted.  A 
.ingle  control  experiment  (no  carbon  bed).  BL-Sl.  gave  re.ult.  which  .eem- 
ed  to  diicredit  the  effectivene.a.  The  inatallation  of  the  gat-fired  reactor 
reduced  the  height  of  the  effective  heated  reaction  .on.  from  12  inch.,  to 
approximately  10  nche..  Con.equently,  production  rate  data  for  experi¬ 
ment.  BL-45  to  56  are  baaed  on  a  lO-inch  rather  than  12-inch  bed  height. 
Calculating  the  production  rate  data  on  a  12-inch  rather  than  10-inch 
ba.i.  would  cause  the  2-1/2  inch  carbon  curve  to  regr...  toward  the  regular  expe 
ment  curve.  It  is  safe  to  assume  that  a  considerable  amount  of 
channeling  occured.  That  is.  the  carbon  pellets  would  have  a  tendency 
to  settle  thus  permitting  part  of  the  R-l  effluent  gas  to  pass  through  the 
carbon  bed  without  contacting  the  carbon  pellets.  Therefore,  a  vertical 
carbon  bed  was  installed. 


E.  2-1  /2  Inch  Inside  Diameter  by  24-lnch  Vertical  Carbon  Bed 


The  reaction  section  for  this  series  of  experiments  was 
Identical  with  that  used  for  the  2-1/2  inch  inside  diameter  horizontal  carbon 
bed  experinents  except  that  the  carbon  bed  was  vertical  and  a  heat  exchanger 
was  installed  between  the  primary  reactor,  (R-l)  and  the  carbon  bed,  (R-2). 
This  heat  exchanger  which  used  hot  flue  gas  from  the  gas  fired 
incorporated  to  prevent  deposition  of  white  solids  between  R-l  and  R-2. 

No  changes  were  made  in  the  recovery  system. 


Beginning  with  this  eeries  of  experiments  the  method  of 
charging  the  bed  was  changed.  Horetofore  the  cold  .one  (pipe  se^ion 
below  the  hot  .one)  contained  boric  oxide- carbon  feed  material.  From 
BL-57  on,  carbon  pellets  were  first  charged  to  R-l  up  to  1  inch  above 
the  bottom  of  the  Transite  shell.  Eleven  inches  of  boric  oxide -carbon 
pellets  or  briquets  were  then  charged  to  R-l  on  top  of  the  carbon  pellet 
layer.  The  2-1/2  inch  Inside  diameter  x  24-inch  long  carbon  bed  was 
filled  with  fresh  carbon  pellets  for  each  experiment.  The  “  the 

carbon  bed  was  varied  from  0  to  24  inches.  A  stream  of  chlorine 
amounting  to  between  10  and  20  per  cent  of  the  R-l  rate  was  passed  to 
the  carbon  bed.  For  experiments  in  which  no  carbon  pellets  were  used, 
a  small  amount  of  chlorine  was  fed  directly  to  R-2  for  the  purpose  of 
duplicating  a  chlorine  atmosphere.  The  carbon  bed  charge  was  supported 
by  a  slotted  spool  piece  inserted  through  the  bottom  flange  so  as  to  con¬ 
tain  the  entire  bed  in  the  hot  zone.  Experiment,  were  terminated  when 
free  chlorine  appeared  in  the  R-2  effluent  gas  stream  or  when  operating 
difficulties  (high  pressure,  leaks)  necessitated  shut-down.  Page  14 


Th#  o(  bed  hetitht  on  boron  trichloride  production 

rbte  Vi.  R-l  chlorine  -«te  it  depicted  in  Figure  17.  A  production  rote  curve 
lor  the  preliminory  proceet  development  etudiee  !•  included  (or  comporieon. 
Figure  17  ehow*  thot  o  coneideroble  portion  o(  the  carbon  bed  chlorine 
etrearn  reacted  to  form  additional  boron  trichloride.  Table  XI  ahoure  that 
many  experimenie  ol  thia  aeriea  continued  lor  (airly  long  pertoda  before 
chlorine  vraa  detected  in  the  carbon  bed  effluent  gat  atream.  Thia  indicatea 
that,  during  thia  period,  all  of  the  aupplemental  chlorine  fed  to  the  carbon  bed 
reacted  uith  the  trtchloroboroxine  and  carbon  to  form  boron  trichloride.  . 
Again,  thia  auppoaition  i«  tubatantiated  by  Figure  17,  which  ahowa  that  for 
9.  M,  and  £4  inch  x  2  1  #  J  inch  inaide  diameter  carbon  beda,  the  boron 
trichloride  production  rate  la  increaaed  approximately  20  per  cent.  Figure 
IS,  production  rate  va  total  (R*l  and  R-2)  chlorine  rate  again  ahowa  that  for 
9-.  12- .  and  24-inch  Carbon  bed  heighta,  eaaentially  all  of  the  carbon  bed 
chlorine  waa  converted  to  boron  trichloride. 

The  effectiveneaa  of  the  carbon  bed  la  further  demonstrated 
by  the  highly  aignificant  increase  in  the  aolida  ’’*'*®* 

averaged  approximately  69  aa  compared  with  the  ratio  of  S.  S  for  the  five 
control  experimenta  BL-57,  67,  72,  72R  and  73, 

Figure  19  is  a  plot  of  the  effect  of  carbon  bed  height  on 
production  rale  of  boron  trichloride.  Considering  the  nature  of  the  curves 
shown  in  Figure  19  and  the  surprisingly  high  chlorine  conversions  exhibited 
by  a  6-inch  carbon  bed,  it  is  felt  that  a  12  inch  long  x  2-1/2  inch  inside 
diameter  bed  (0.0  324  ft.*)  is  of  sufficient  aise  to  convert  the  complex,  at 
a  R-l  chlorine  rate  of  18  cu.ft./hr.  at  S.T.P.  The  boron  trichloride  produc¬ 
tion  rate  at  lb  cu.  ft.  /  hr.  at  S.T.P.  is  approximately  62  lb.  /  hr  .  /  f  l .  *  of  R  •  I 
charge  which  is  equivalent  to  2.79  lb.  /hr.  boron  trichloride  baaed  on  the 
3  inch  diameter  x  11  inch  high  R-l  bed.  Dividing  the  volume  of  the  carbon 
bed,  0.0  52  ft.  *  by  the  boron  trichloride  production  rate  2.79  lb.  /  hr.  yields 
a  design  value  of  0.012  ft.*  of  carbon  bed  per  pound  per  hour  of  boron 
trichloride  produced. 

The  low  boron  pass  yields,  which  average  approximately 
45  j>er  cent,  may  be  attributed  to  the  operating  procedure  which  called 
for  termination  of  the  experiments  at  the  first  appearance  of  free 
chlorine  in  the  R-2  effluent  gas  stream. 

Reference  in  Table  XII  shows  that  the  phosgene  content  of 
the  condensed  product  ranged  from  a  low  of  0.0  to  a  high  of  1 . 8  per  cent. 
Phosgene  is  formed  by  the  reaction 

CO  +  CI2  COCli  ® 

Above  approximately  1470*F  (800 ’C)  the  reaction  favors  total  decompos¬ 
ition  of  phosgene.  However,  results  shown  in  Table  XII  indicate  no 
correlation  between  carbon  bed  temperatures  in  the  range  ISOO-tbOO^F 
and  phosgene  formation.  Phosgene  formation  was  highest  for  experiments 
in  which  the  25-inch  carbon  bed  reactor  was  maintained  empty  (zero 
carbon  bed)  or  partially  full  (6-inch  carbon  bed).  The  apparent  conclusion 
is  that  the  combination  of  a  hot  empty  tube  and  a  reactor  gas  stream  con¬ 
taining  free  chlorine  and  carbon  monoxide  is  conductive  fo  formation 
of  phosgene . 
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The  hydrogen  cniaride  to  borwi  triclilorid*  weight 

ratio  Juf  control  enprrii*  eota  iBL-%7.  47,  7i,  7i  and  7111)  and  l-l-inch 
carbon  bed  eajierimenta  wa*  O.ll  and  O.IS  raapactivaly,  which  raprottnta 
a  aubatantial  improvement  over  the  average  value  cd  0.  li  obtained  lor 
the  preliminary  development  eaperimenta.  The  hydrogen  content  ol  the 
boric  o»ide*carbon  feed  lor  the  carbon  bed  control  experiment#  averaged 
0.  1%  per  cent  whtrea#  the  percentage  in  the  boric  oxide -carbon  leed  lor 
the  preliminary  development  experiment#  xfa#  higher  than  1. 1  in  tome 
ca»ea. 


F.  Kffect  ol  F»xcea#  Carbon  in  Feed 

Several  experiment#  (BL-84  to  91)  were  perlormed  to  deter¬ 
mine  the  eilcct  ol  exce##  carbon  content  ol  the  leed  on  ita  reactivity.  Pre¬ 
viously.  experiment#  had  been  perlormed  to  investigate  iKi#  variable  as 
part  ol  the  preliminary  proces#  development  studies.  These  early  experi¬ 
ment#  had  indicated  that  increasing  the  excess  carbon  Irom  20  per  cent  to 
200  per  cent  (over  the  stoichiometric  amount  to  lorm  carbon  rnunuxide) 
had  very  little  ellect  on  the  production  rate  and  on  the  amount  ol  "white 
solids"  lormed.  The  results  lor  experiments  BL-84  to  -91  are  presented 
in  Tables  XI  and  Xll. 

A  summary  ol  the  results  showing  average  yields  and  pro¬ 
duction  rate#  obtained  with  various  lormulation#  are  shown  in  the  lollow- 
ing  table. 

Excess 


Carbon 
in  Feed 

Production 
Rate  (a) 

Pass  Yield 

— B - 

(Conversion) 

Overall 

per  cent 

lb.  /  hr .  /  ft .  * 

per  cent 

per  cent 

Yield 

50 

48.0 

81.2 

79.7 

94.1 

100 

45.0 

62.4 

77.2 

95.1 

200 

40.  3 

83.3 

71.2 

97.3 

300 

41.6 

77.9(b) 

73.7 

85.7 

(a)  Based  on  14.1  cu.  It.  /  hr.  at  S,  T.  P. 

(b)  Low  because  of  hole  in  thermowell  requiring  shutdown. 

The  data  shov  Hnth  production  ates  and  chlorine 

conversions  decreased  with  ai.  ii.  ’ease  in  the  excess  carbon  content 
of  feed.  Inasmuch  as  conditions  were  about  the  same  with  respect 
to  temperature,  residence  time  of  chlorine,  and  experiment  time, 
it  IS  believed  that  the  lower  excess  carbon  feed  provided  move  eff¬ 
icient  contact  of  the  active  solids  by  chlorine.  The  bulk  densities  of 
the  various  feed  materials  arc  shown  in  Figure  20. 

G.  Grate  Experiments 

The  practice  of  supporting  the  R-1  bed  by  a  bed  of  carbon 
pellets  would  hinder  the  continuous  removal  of  ash  and  carbon.  It  was 
felt  that  the  use  of  grate  might  overcome  this  difficulty  and,  at  the 
same  time,  definitely  locate  the  reaction  zone. 
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AccttMinfly  «  ttMtvd  grAt*  m  A-l  lo  r^iilirA 

\lm  ti#d  of  cAfkofi  jwlltu.  Aoido  from  thio  modificotioii,  ih#  A|»|iAr*iu» 

AiuS  oporoling  procodoro  w»*  ih#  oomo  •»  Ihoi  for  IH#  2-1  ii  24-ificli 
v«rttcAl  CArboo  b#d  e*p«rim#nio. 

Th«  r«AttltA  of  A  tinile  tuporimtnl.  BL-71.  indiCAtrd 
thAt  loAA  of  !h#  prehtAtifig  Action  norifuilty  tuppliAd  by  tho  iiipportinf 
polUtt  oAf  ih«  cAu«#  of  A  docroAf#  in  prodactton  rAtt  And  boron  pAtt 
yield.  ViauaI  eiuiminAllon  of  the  reAClor  bottoms  thowed  ft  lightly 
(used  mAti  of  unreACted  briquets  locAted  just  Above  the  grAte. 

VI.  HELAXr  S  REACTIVITY  OF  VARIOUS  SOLID  FEED  FORMS 

Studies  were  conducted  to  evAluAte  the  rcUtive  reActivities  of  the 
following  feed  forms 

A.  TAblets 

b.  Briquets 

c.  SphericAl  Grsnules 

d.  Powder 

ReACtion  chArscteristics  of  lAblelted  feed  were  reported  in  the  preliminAry 
process  development  studies. 

A,  ReACtion  ChArACteristics  of  Briquetted  Feed 

Experiments  BL-57,  67.  72,  72R  And  7J  (briquetted  feed, 

control  “  no  cArbon  bed),  sumiriAriAed  in  Tobies  XI,  XII,  And  XIII  Are  used 
to  compare  the  relative  reactivity  of  briquetted  versus  pelletised  feed. 
Figure  17,  shows  a  comparison  of  briquetted  feed  (control,  no  carbon  bed) 
with  tabletted  feed  (preliminary  process  development  e.  perirnents)  with 
respect  to  boron  trichloride  production  rates.  This  illustration  shows  that 
at  a  give  rate  of  chlorine  flow,  solid  feed  in  briquet  and  pellet  form 
produced  boron  trichloride  at  substantially  the  same  rate.  For  convenience 
the  following  table  is  presented  to  compare  the  reaction  characteristics  of 
briquetted  feed  with  pelletized  feed. 


Boron 


Pass 

Overall 

Recov- 

Yield 

Yield 

ery 

per 

per 

per 

Feed 

cent 

cent  cent 

Pellets 

Briquets 

29(a) 

44 

50  73 

72  78 

Feed 

Production 

Rate  (b) 
lb. /hr.  BCij 

Pelle‘  8 
Briquets 

1.99 

2.07 

(a)  Relatively  low  because  of  BOC 

(b)  Based  on  Clj  rate  of  15  cu.ft. 

Chlorine 

Impurities  in 

Tin — 

Recov- 

Condensed  Product 

Yield 

eiy 

COCli 

per 

per 

per  per 

cent 

cent 

cent  cent 

65 

84 

0.5-^20  Not  analysed 

62 

83 

6.— »-27.  0.0  to  0.9 

®BC1, 

/^solids 

HCL  /  BCl, 

Wt.  Ratio 

Wt.  Ratio 

14 

0.  38 

8.  3 

0.11 

pCiltTiO  lit  &UIAC  • 

hr.  at  S.T.P.  to  R-1 
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A  tomfMirison  oi  the  fon  piii  It  not  gdviMWt 

b«c«u4#  a<  ihr  tiiitervni  chArging  proc«dur«t  utod.  Tli#  (orogoing  i*W#  thow^ 
!h«i  briqurii  *nd  pellrtt  vxhibit  «lmo«t  identical  cKlorifi#  convertiont.  Tlie 
4if(fr*.itcr  in  Wuci/^^whiic  tolidt  '"*•  **  "®*  contW**’***  iigniricanl. 

It  «•»  painicti  out  prrvioutly  that  the  lower  hydrogen  chloride -boron  trichloride 
average  ratio  for  thr  carbon  bed  control  e*|»erimenti  (chlorination  of 
o*i.|r. carbon  briM«eii.  no  carbon  bed),  0. 1 1 .  at  compared  with  0.  S8  for  BL 
raperiitirnia  with  prlle’iaed  feed  (..ydrogen  chloride  -  boron  trichloride  * 

0.  Ih)  wa»  thr  rrault  of  lower  reaidual  hydrogen  content  of  the  aolid  feed. 

The  Lomparahle  reactivitiea  of  briquetted  feed  and  tabletted 
feed  indicate  that  rractivitiee  were  not  affected  by  difference  in  particle 
diameter  between  I  <  *4  inch  (pellete)  and  5/4  inch  (briquete).  Also  eighificanl 
ta  the  fact  that  briquet#  eichtbiled  good  reaction  characterietica  in  epite 
of  the  adverse  'mean  particle  diameterareactor  diameter*"  ratio  of  5/4t'. 
or  0.  Jin, 


B.  Reaction  Characterietica  of  Spherical  Feed 

A  gae  fired  3-inch  ineide  diameter  x  12-inch  externally 
heated  pr»mary  chlorinator  R-!,  and  a  2-1/2  inch  ineide  diameter  x 
24-inch  long  vertical  carbon  bee*,  R-2,  were  used  for  thie  eeriee  of  experi- 
mente,  BL-I08  to  I  38R,  The  effluent  gaaee  from  R-1  entered  the  bottom  of 
R-2  and  were  diecharged  at  the  top.  Thir  change  was  made  to  alleviate 
the  difficulty  of  packing  of  eolide  observed  during  eeveral  carbon  bed 
expcrimente.  The  revieed  reaction  eyitem  ii  ehown  in  Figure  21,  The 
operating  procedure  for  these  experiment#  wae  the  eame  ae  that  followed 
for  the  carbon  bed  deeign  expcrimente  except  that  eintered  granular 
A*  lOOW,  1  /  8  inch- 1/4  inch  diameter  boric  oxide-carbon  feed  wae  charged 
to  R-1,  From  experiment  BL-125  on,  the  R|/R|  chlorine  ratio  was 
raised  from  0.  2  to  0.  3  because  it  was  noticed  that  eome  eolide  were 
pj^fixng  through  the  carbon  bed  into  the  R-2  effluent  gas  lines.  Results 
obtained  from  this  series  of  experiments  are  summarized  in  Tables 
XIV  and  XV. 


Preliminary  plotting  of  boron  trichloride  production  rates 
vs.  total  chlorine  feed  rates  as  measured  by  rotameter  readings  yielded 
highly  scattered  points  for  both  spherical  feed  and  briquetted  feed 
experimeuts.  Assuming  that  there  were  errors  in  the  chlorine  feed 
rates  because  of  difficulties  in  maintaining  constant  flow  throughout  the 
experiments,  the  production  rate  vs.  chlorine  rate  data  were  plotted 
with  the  use  of  the  total  recovery  of  chlorine  plus  Cl  as  a  basis  for  the 
chlorine  rate.  Figure  22,  Boron  Trichloride  Rate  vs.  Chlorine  Rate, 
shows  that  very  little  scatter  is  evident  and  that  spherical  and  briquetted 
feed  exhibit  identical  production  rates  at  given  chlorine  rates.  This 
figure  also  shows  that  production  rates  are  15  per 

In  other  words,  actual  pass  yields  based  on  chlorine  and  Cl  recovered 
were  85  per  cent,  the  other  15  per  cent  chlorine  was  recovered  in  the 
form  of  hydrogen  chloride,  corrosion  products,  unconverted  solids 
(XBjOs  •  YBClj)  and  free  chlorine.  The  85  per  cent  chlorine  pass 
yigl(j  conversion  based  on  chlorine  and  Cl  recovered  was  substantially 
higher  than  the  average  value  of  64  per  cent  obtained  on  the  basis  of 
rotameter  readings. 
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C.  Hyciion  ChAfcf fl»uc»  o<  Po»4tr»4  r»»ti 

The  II- 1  bone  ewido-eorboft  (#»«i  <or  cHlorin*lio« 

Willi  Iht  out  ol  a  powder#*!  cH#ri{#  wa*  a»  lollow* 

DL*Tt.  A*IOflW  brtc|Ufia.  pulvenied,  i»  lo  JO  weah  BL-7S.  A*  100 
granulea.  SO  meih.  Data  from  ihrae  t^o  eaperiownlt  a  in 

Tables  XI,  XII,  and  XIII. 

The  boron  trichloride  production  rates  for  the  powdered 
feed  eaperimenii  compared  fa%’orably  with  those  obtained  for  eaperiments 
with  feed  in  the  form  of  briquets,  tablets,  or  ftpherical  pellets.  Boron 
pas*  yields  were,  however,  very  low.  Inspection  of  the  rearioi  bottom* 
showed  evidence  of  severe  channeling  thrtnigh  the  core  and  tusii  g  of  the 
bed.  Therefore,  the  utilisation  of  a  fined  bed  of  born  -aside -cai  bon  powdered 
feed  IS  not  recommended, 

VII  USE  OF  A  COLD  BED  OF  BORIC  OXIPg -CARBON  MATERIAL  TO 

FILTER  WHITE  SOirP? 

It  was  belived  that  the  necessity  for  a  carbon  bed  “white  solids” 
converter  R-2  could  be  eliminated  if  the  R-1  effluent  gas  stream  were 
passed  through  a  bed  of  cold  boric  oxide-carbon  feed  material  which 
would  condense  the  complex  on  the  surfaces  of  the  particles.  The  pro¬ 
cess  would  be  readily  adaptable  to  large  scale  production  with  a  moving- 
bed  counter  current  flow  type  reactor  having  a  cold  aone  of  boric  oxide- 
carbon,  briquets,  at  the  uppermost  part  of  the  bed.  These  cold  briquets 
would  trap  the  solids  which  would  be  chlorinated  along  with  the  briquets 
when  lowered  into  the  hot  reaction  tone.  Thirty  bench  scale  chlorination 
experiments  BL-146  to  172  and  193  to  201  were  conducted  to  determine 
the  feasibility  of  the  process.  The  results  are  presented  in  Tables 
XVI,  XVII,  XVIII,  and  XIX. 

The  reaction  system  used  for  these  experiment*  was  the  same  as 
that  used  for  the  grantlar  feed  evaluaticn  test*  as  illustrated  in  Figure 
21.  In  the  last  7  experiments,  BL-193  :o  201,  a  sodium  hydroxide 
scrubber  was  put  on  stream  in  the  •  ecovery  system  to  recover  any 
chlorine  not  condensed  in  the  refr-'gerated  product  condensers.  The 
caustic  scrubber  was  installed  immediately  upstream  of  the  vent  so 
that  the  Orsat  analyses  would  include  determination  of  carbon  dioxide. 

The  wet  test  meter  measured  carbon  dioxide  in  addition  to  carbon 
monoxide,  oxygen,  and  nitrogen. 

With  the  exception  of  experiments  BL-156  and  157,  11  inches  of  minus 
1/4,  plus  1 /8-inch  A»  1 OOW  granule*  were  charged  to  the  3-inch 
inside  diamter  primary  chlorinator,  R-1.  For  BL-157  and  156  the  R  . 
charge  consisted  of  A-83W  briquets  which  had  served  as  the  (R-2) 
white  solids  filtering  medium  (cold  boric  oxide-carbon  bed  experiment^ 
for  BL-154  and  155,  respectively.  In  all  experiments,  the  R-1  boric 
oxide-carbon  charge  was  supported  entirely  in  the  hot  zone  of  the  gas 
fired  reactor  tube  by  carbon  pellets.  The  material  in  the  cold  boric 
oxide-carbon  bed  (R-2)  was  A.150W  briquets  except  for  a  few  experi¬ 
ments  in  which  carbon  pellets  were  used.  Twenty-four  inches  of 
material  were  charged  to  the  R-2  solids  filter  for  all  experiments 
but  BL-165,  167,  168  and  169,  in  which  the  bed  was  varied  between 
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I|  J»nt|  in  lo  tlrl(pf»ntnr  ihv  •iff.  If*  pupminrnl*  Bt.» HO, 

ni  ami  IT*  ihf  Sfmjiprasarr  a<  R*<£  varipd  lo  dpiermiiip  ihf*  ma** 
M..UH.  allm*aulf  irmpfrafurr.  0!i*rr*n*P  no  hpai  *••• 

Thr  U*i  •r^t'fi  0*|*prin»rnu  of  thi*  *rrie*,  BL-H»  to  *erp  cof*diii.tpd  lo 
tirirnti.fir  !hr  i-a.r  «f  lu»  chlufiop  rpcovrfipt.  Sampling  ifchniHUf  *•#  « 
tit  urovrd  daring  thf*r  latter  mppfiment* .  In  mott  ca«p».  opfrating 
*n.traci,ar..  callrH  for  pa. .mg  chlorine  to  the  primary  * 

urraeuniunrti  period  of  time  to  throrrticallv  react  with  the  entire  boron 
charge.  A  .applemental  chiorine  stream  waa  not  patted  to  R-*.  Apart 
from  the  tforementioned  thanget.  the  operating  procedure  uat  the  tame 
4*  that  folliOfced  for  vertical  carbon  bed  design  eaperiments. 


The  data  .ummariied  in  Table  XIX  show  that  the  first  set  of 
chlorination  experiments  which  utihced  a  2*1/2  inside  diameter  x  24 
mrh  long  auxiliary  bed  of  cold  boric  oxide-carbon  briquets,  experiments 
BL*i48  to  ISS  exhibited  slightly  lower  thi^rine  and  boron  pass  yields 
than  experiments  incorporating  a  heated  carbon  bed  with  supplemental 
thlorine  feed.  This  decrease  in  pass  yields  may  be  attributed  to  the  fact 
that  the  R-l  effluent  complex  ts  retained  in  a  cold  boric  oxide-carbon 
bed  whereas  they  are  converted  to  additional  boron  trichloride  • 
healed  carbon  bed.  The  average  boron  trichloride  production  rate  for 
the  cold,  24-inch  boric  oxide-carbon  filter  b-‘d  experiments,  2.08  Ib.ihr 
was  comparable  to  that  obtained  without  use  of  an  auxiliary  bed. 

The  effectiveness  of  the  filtering  action  of  the  cold  bed  is  shown  by 
the  high  average  value  of  390  obtained  for  the  ratio  solids. 

The  value  is  considerably  higher  than  the  8.3  value  obtained  for  the  re¬ 
gular  experiments  (direct  chlorination  of  boric  oxide-carbon  briquets) 
and  the  89  obtained  for  hot  carbon  bed  experiments. 


The  high  pass  yields  and  overall  yields  obtained  for  BL-1S6  and 
1S7  indicate  that  spent  briquctf  coated  with  "white  solids  from  the  cold 
auxiliary  boric  oxide-carbon  bed  may  be  chlorinated  without  noticeable 
loss  in  yields.  These  data  suggest  that  operation  of  a  moving  bed  type 
reactor  incorporating  a  layer  of  cold  I  *ric  oxide-carbon  feed  material 
on  top  the  heated  reaction  section  may  be  feasible.  Abnormally  high 
boron  recovery  and  yield  data  may  be  attributed  to  sampling  errors. 


Figure  23  shows  the  relation  of  height  of  cold  bed  to  boron  tri¬ 
chloride  yields.  Data  from  the  following  experiments  are  plotted 
24-inch  bed,  BL-166,  18-inch  bed,  BL-167,  12-inch  bed,  BL- 1 68,  6-inch 
bed,  BL-169.  The  sharp  break  in  the  boron  pass  yield  curve  between 
bed*height8  of  6  and  12  inches  indicates  that  a  12-inch  bed  was  required 
for  maximum  effectiveness  at  a  chlorine  rate  of  15  cu.ft./hr.  at  S.T.P. 
This  12  X  2-1/2  inch* diameter  bed  is  equivalent  to  0.02  ft.  cold  boric 
oxide-carbon  briquets  per  lb.  per  hr.  of  boron  trichloride  produced. 

With  a  6-inch  bed  filtration  of  the  effluent  gas  stream  for  a  chlorine  rate 
of  15  cu.  ft.  /  hr.  at  S.T.P.  was  incomplete,  and  this  resulted  in  plugging 
of  glass  wool  solids  trap.  The  decrease  in  pass  yields  for  bed  aeights 
greater  than  ’8  inches  might  have  been  caused  by  plugging  tendencies 
ref  ’'ting  from  increased  packing  of  the  bed.  However  it  is  more  reason¬ 
able  to  suspect  experimental  error  in  as  much  as  other  experiments  wit 
a  24-inch  cold  boric  oxide-carbon  bed  did  not  indicate  any  decrease  in 
efficiency.  The  plot  also  shows  that  bed  height  had  little  effect  on  chlorine 
conversion  which  is  to  be  expected  because  a  cold  bed  merely  traps  out 
the  solids  and  does  not  convert  them. 
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0#lermin*ti(»n  of  lOe  m4«imuff)  irm|irr«lorr  #1  otiich  4  filler  twd  of 
barir  044<lr>C4rbon  brt«4u#ft  !•  ^ffeciiv#  44*  4tl<pmf#!»d  in 
to  lb4  *fid  I  *0  lo  I7fc.  B#d  l#ii»per*t«re«  4r*rr  varied  from  MOioOlfO'F, 
With  Ih#  b#d  matniainod  il  §00 'F.  Iherr  »«•  evidence  of  ••hife  toltda* 


bridges  between  briquets  at  welt  at  between  briquets  and  filler  tube  walls. 
However,  at  temperatures  above  bOO’F.  the  efficiency  of  the  filler  bed 
(l.mifitshed  rather  significantly  as  evidenced  by  plugging  of  the  glass 
wool  trap*.  These  tests  show  that,  for  maaimum  .‘fficiency,  the  working 
part  of  the  cold  bed  must  be  maintained  at  a  temperature  not  esreeding 
§00 *F.  Figure  24  shows  the  relationship  between  filler  bed  temperatures 
and  the  B--,  «B  .  .  .  ratio.  This  illustration  emphasises  the  import 

ance  of  ml^i.S  Hli/ wwling  part  of  the  filter  bed  at  temperatures 
not  exceet.ing  §00 *F  and  preferably  at  400 *F  or  less. 


VIU.  USE  OF  PREHEATED  CHLORLNE 


Previous  experimentation  had  indicated  that,  at  certain  temperatures, 
the  hea:  of  reaction  might  be  sufficient  to  permit  operation  of  the  primary 
chlorinator  without  external  heat.  This  hypothesis  was  made  on  the  basis  of 
heat  balances  and  the  fact  that  a  considerable  temperature  increase  of  the 
bed  was  observed  at  otart*up  for  bed  temperatures  of  1020  to  approximately 
12S0*F.  Twenty-nine  bench  scale  chlorination  experiments,  BL-92  to  I08RR 
were  performed  to  investigate  the  degree  of  exothermicity.  The  results  of 
these  experiments  are  summarised  in  Tables  XX  and  XXI. 

A  sketch  of  the  reaction  system  utilised  for  this  series  of  experi¬ 
ments  is  shown  in  Figure  ’.5.  The  24-inch  x  3-inch  bore  split-element 
resistance  wire  furnace  used  to  heat  the  carbon  bed  for  previous  experi¬ 
ments  was  utilised  to  pre«*eat  the  chlorine.  Initial  preheating  experi¬ 
ments  showed  that  excessive  heat  losses  occuring  in  the  transfer  line  be¬ 
tween  the  preheater  and  R-1  necessitated  the  heating  of  this  section  of 
pipe  with  resistance  heaters.  A  carbon  bed  reactor  was  not  included  in 
the  test  apparatus. 

The  R-1  boric  oxide-carbon  charge  consisted  of  11  inches  of  A*83W 
briquets  contained  in  the  hot  zone  of  the  gas-fired  reactor.  Carbon  pellets 
or  briquets  were  charged  to  the  chlorine  preheater  tubo  so  as  to  attain 
good  heat  transfer  from  tube  to  gas.  Except  for  several  control  experi¬ 
ments,  the  R-1  external  gas  heat  was  turned  off  simultaneously  with  the 
introduction  of  chlorine.  During  heat-up,  a  nitrogen  purge  rate  equivalent 
in  linear  velocity  to  the  chlorine  velocity  was  maintained  to  distribute  heat 
and  to  establish  equilibrium  conditions. 

Initial  attempts  to  chlorinate  A*83W  feed  briquets  with  preheated 
chlorine  werr^  unsuccessful.  These  experiments  were  characterized  by 
non-formation  of  boron  trichloride,  excessive  hydrogen  chloride  formation, 
and  the  appearance  of  free  chlorine  in  the  effluent  shortly  after  start-up. 

A  series  of  23  trouble-shooting  experiments  (TSR  Runs)  showed  that  the 
absence  of  reaction  was  caused  by  a  combination  of  the  following:  (a)  uneven 
temperature  distribution  throughout  the  reactor  bed  and  improper  location 
of  the  bed  thermocouple  combining  to  give  misleading  R-1  bed  temperatures; 
(b)  excessive  hydrogen  (water)  content  of  the  bed  of  pellets  used  to  support 
the  boric  oxide-carbon  briquet  charge  in  R-1;  and  (c)  a  batch  of  inferior 
A*83W  BOC  briquets  in  R-1,  The  TSR  results  shown  in  Tables  XX  and  XXI 
are  for  those  expieriments  conducted  after  the  operating  difficulties  were 
eliminated. 
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In  Figarip  liif***  !«ftn|»rr4iittrf»  riirv#i  (nr  clilortfMilion  •■|Miri» 

mt  tit  with  *rt*l  tfctihotil  prchrti  oj  ih*-  cHlortn#  «fi«l  with  nnd  ffwiifi* 

irntitc**  «(  riirmtl  to  the  pfirntry  rtAcior*  H-l,  ^r»i#nlo4. 

Thf  ublr  iiHl«4r4  m  54.  tamm* riling  ih#  vnrtmit  o{>«r«!tng  condi- 

lion*,  tita  ih#  toluit*#  <4  v<pnt  got  (corbon  ff\ono*44t,  ctfbon  dio* 

ti4#,  tn4  oty^rn)  n^r  hoar  o(  opernting  iimo,  tndicoling  III#  r#Utlvt  •moiifil 
of  mtiton  ih4i  oce«rr#d  (or  #*€11  •s|M»rimf#ii .  Fifiir#  54  ihowt  that  do'^il# 
prrhc«ttn4  of  ihlorinr.  «  rapid  (ill  in  bod  i«mp«rature  occurrtd  (or  oxpcrt- 
mrnit  in  h  ihr  prinuiry  roacior  h#*i  wat  o((  during  f  Hlorinaiion.  Th# 
rapid  drop  »  i  i*r*;  Irtiipr  ratur#  ia  reflected  in  much  loner  vent -gat  volume 
per  hour  Viilur*  t»n4  tn  itiuch  loner  boron  trichloride  production  raiea  and 
chlorine  t  urtvertiontt .  For  example.  TSH*50  iR-l  heal  maintained)  pro* 
ilucrd  fi.*»hr.  of  vent  gat  ufhereat  BL-I04RR  iR*!  heal  off)  yielded 
only  1.76  ft.*ihr.  The  relatively  high  vent  gat  volume  for  BL-104  may 
be  explained  by  the  higher  temperature  of  R-l  at  the  ttart. 

From  three  data  it  it  concluded  that,  without  an  external  aource  of 
heat  to  the  reactor,  heal  loataa  wer#  too  large  for  the  heat  of  reaction  to 
overcome.  It  it  poatible  ,  however,  that  a  more  efficient  preheater  ayatem 
combined  with  a  better  inaulated  reactor  will  yield  more  aatiafactory  reaulta. 

IX  CHLORINATION  OF  ANHYDROUS  BORAX -WITCO  CARBON 

Tetta  were  conducted  to  determine  the  reactivity  of  anhydrout 
todmm  tetraborate.  The  advantaaea  of  thia  material  over  boric  oxide 
were  aatumed  to  be  at  followa  la)  todium  tetraborate  ia  conaiderably 
cheaper  than  boric  acid  or  boric  oxide,  (b)  the  melting  point  of  aodium 
tetraborate  is  136S*F  an  compared  with  IlIO’F,  the  softening  point  of 
boric  oxide  ^the  melting  point  of  aodium  chloride  would  be  formed  as  a 
by-product  it  UTil’F).  tc)  white  solids  might  not  be  a  problem.  Accord¬ 
ingly,  eighteen  chlorination  experiments  were  performed,  and  the  results 
are  summarized  in  Tables  XXJI,  XXIll,  XXIV,  and  XXV, 

The  apparatus  used  was  the  same  as  that  described  in  Figure  51, 
consisting  of  a  i-inch  inside  diameter  x  15-inch  long  nickel,  gas-fired, 
primary  reactor,  R-l,  and  a  5-1/5  inch  inside  diameter  x  54  inch  long 
electrically  external)  heated  carbon  bed.  No  changes  were  made  in  the 
recovery  system  except  for  the  installation  of  a  potassium  iodide  bubbler 
betv/een  the  water  scrubber  and  the  wet  test  meter  to  recover  free 
chlorine  in  the  R-5  effluent  which  was  not  removed  in  the  product 
condensers , 

An  1  1  -inch  bed  of  sintered  anhydrous  borax  Witco  carbon  pellets 
with  55  or  50  per  cent  excess  carbon  was  charger  to  R-l.  The  excess 
carbon  was  determined  from  the  stoichiometry  of  the  reaction' 

Na?B40:  t  7C1,  f  7C  - ►  5NaCI  +  4RC1,  +  7CO  (T?) 

Exceptions  were  (a)  experiment  BL-194  in  which  incompletely  sintered 
materia]  was  purposely  charged,  and  (b)  experiments  BL-509,  510,  516 
and  517  in  which  the  charge  consisted  of  anhydrous  borax  chunks  and 
Witco  carbon  50  per  cent  excess  pellets.  The  auxiliary  carbon  bed  was 
charged  with  carbon  briquets  or  pellets  except  as  follows;  (a)  BL-173, 
183-185,  boric  oxide-carbon  briquets  erroneously  charged;  (b)  BL-194. 
A'lOOW  granules,  (cold  filter  bed).  R-5  was  heated  to  approximately 
1400“F  except  in  BL-194.  The  R-l  charge  for  experiments  BL-186, 
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III?  ifiii  Iwaifil  lo  only  MO*.  \  *f»d  7%2T  rif«p#cii¥#ly.  !o 

driermifi#  the  r#arli¥Hy  *t  tMi#  »«•  lemprratyr#*.  Olii#rwii#  Ih#  W- 1 
charge  wifc  liraitd  to  b#i<a«#ii  liOO  and  I600*F,  ChJarin*  at  9.0  and 
cu^n  #hr.  at  S.T.P.  wa*  (•d  loR-S  andR-i.  r.tpeftively,  eacrpi  tor 
BL*  1 9 1  mhertf  a  rale  o(  i'l, 0  and  1 ,  i  cu*(l*«hr*  at  S.T.F.  wat  wiiti»»d 
ami  tor  BI--I94  in  iwhich  thm  R-i  i  cold  boric  onidc-carbon  uranul#*) 
chlorine  leed  wa*  eliminalad.  In  addition  to  the  9.0  cu  It.  hr.  at  s.  i.  F. 
chlorine  (eed,  carbon  monoxidt  at  1.0  cu.lt  ./hr.  at  S,  T.P.  wa*  led  to 
R.l  for  experimenta  BL.2t6  and  iH.  m  an  attempt  to  determine  the  rifeci 
of  carbon  monoxide  addition  on  the  heat  balance  and  reactivity. 

Table  XXIV  •ummari.tes  the  yielda.  recoveries  and  production 
data  for  the  various  types  of  sodium  tetraborate  chlorination  experiment*. 

For  comparison,  average  values  are  presented  for  experiments  with 
boric  oxide-carbon  as  the  primary  reactor  charge. 

Initial  anhydrous  borax  chlorination  experiments  indicated  that 
arhite  solids  were  formed  at  essentially  the  same  rate  as  f:r  rxperiment* 
with  boric  oxide-carbon  feed.  Temperature  rise  in  the  bed  due  to  heat  of 
reaction  was  observed  to  be  SO  to  100  per  ceiu  greater  for  borax-carbon 
feed  than  for  boric  oxide-carbon  feed.  A  significant  increase  in  fusing 
of  the  reactor  bottoms  was  also  observed  for  borax-carbon  experiments. 

Experiments  BL-186.  187  and  188  were  performed  at  the  low  initial 
bed  temperatures  of  040,  93Z,  and  752*F,  respectively.  Although  the  heat 
of  reaction  increased  the  bed  temperature  to  as  high  as  12S0  F  for  experi¬ 
ment  BL-186,  very  little  reaction  occurred  as  evidenced  by  low  pass^yiei 
and  boron  trichloride  production  rates.  Experiments  BL-ZOb  and  207  whirh 
were  started  at  an  initial  bed  temperature  of  1290*F  yielded  1.22  and 
1.19  lb.  boron  t richloride/  hr .  (at  9. 0  cu.  ft .  /  hr .  at  S,  T .  P.  Cl^  to  R  - 1 ) 
whereas,  experiments  BL-204  and  2C8  with  an  initial  bed  temperature  of 
llOO’F,  produced  only  0.82  and  0.74  lb.  boron  trichloride/ hr.  respectively. 
Under  similar  conditions  the  chloriim  tion  of  boric  oxide-carbon  feed  yielded 
1,41  lb.  boron  trichloride/ hr .  These  data  indicate  that  reaction  can  be 
initiated  at  a  solids  temperature  of  approximately  llOO’F  but  that  higher 
temperatures  favor  increased  boron  trichloride  production  rates, 

A  comparison  of  recoveries,  yields  and  production  rates  for 
experiments  using  boric  oxide-carbon  feed  with  those  using  borax-carbon 
feed  (experiments  BL-204,  206,  207,  208)  shows  that  production  rates 
were  40  to  50  per  cent  lower  with  use  of  the  borax-carbon.  The  hydrogen 
chloride-boron  trichloride  weight  ratio  average  for  the  borax-carbon 
chlorination  experiments  was  slightly  higher  than  the  0.157  value  for  boric 
oxide-carbon  experiments.  The  use  of  a  heated  carbon  bed  was  equally 
effective  in  eliminating  white  solids  in  the  effluent  gas  lines. 

Table  XXIV  also  shows  that  for  experiments  BL-187  and  188  which 
were  started  at  very  low  temperatures,  in  addition  to  the  low  production 
rate  and  pass  yields,  hydrogen  chloride -boron  trichloride  ratios  were 
extremely  high.  This  is  presumably  due  to  the  reaction  of  the  meager 
amounts  of  boron  trichloride  produced  with  water  in  the  borax-carbon 
feed  to  form  hydrogen  chloride  and  boric  oxide  or  boric  acid. 
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Koe  r.prrimnit*  *nh  •  cMofii-  r»l#  dl  ».0  cu.(i./Hr.  *1 
,„K.I  Z  4T.«.(.  .Hr.  ,oK.2).H...nOdM 
A*  rhlofirfr  or  ••  bordtr  .lid  not  diicddd  i  p9t  c 

\TI'Ztu  -H  .h..H»r  ..  -ould  b.  .cc.mp.«..d  •  rorre.- 

•ml.n,  .m  r«.r  n  .hr  ....mint  ol  tod.um  c.rr.td  o«rr 

..  K.pr,..nrn.  BL-IM  .h««  !•«'  "»  «'>>0«  J"  tH.. 

.l.o...tr  r.t.a  in.  rrr.r.1  Iru.n  0.40  to  t.S  ..  .Hr  J"**''** 

!"■  K  *'Th“’Mr»Vr^‘BL*“4*  con.'I.rd  o(  .ncompir.rly 

/..r.rrrd  ..u,..  .  ■ .  .  rbd..  prilr...  Dar.n«  lb.. 

u!  th.-  Mlrr  !.rp  .nd  tomlrn.rr.  «»•  ob.rrv.d,  Thr  boron  p...  y.rW. 
in  |.rr  .eni,  nnd  boron  iru  Wor.dr  production  role,  ®-  '-  “’•''’.'v  .g 

.,  u  h  lourr  ihon  ibr  ovrr.iie.  lor  eoperimrnl.  BL-iOd.  tab  -C . .  end  t  . 
*h>.b  urrn  dn  •»  prr  .  rnl  ond  0.99  lb.  boron  t  r.chloridc ,  hr . 

Mo.rr.ol  bounce  rolculol.ono  (or  Bt-lTd  howed  .ho.  70  P*' 
o'  'he  00.1. urn  .n  the  boroo-corbon  chbrne  woo  convc-ted  lo  oooiutn  chloride. 

vsa  thf  equation 


^Na|B40T  •  MCla  •  7C 


-H  4NaCl  •  8BC1,  ♦  7CO, 


Q) 


Exoerunentt  BL-Z04  to  i08  were  conducted  with  25  per  cent  «*ceii  carbon 
“Xrirdrbon  pclle.o  .o  de, ermine  whether  ony  conclu.lon.  could  be  re- 
ached  rewarding  preferential  chlorination  of  iodium  over  boron.  ^ 

recalled  that  the  average  boron  and  chlorine  pass  yields  an  ^ 

production  rates  for  these  experiments  were  approximately  ° 

of  those  for  experiments  with  boric  oxide-carbon  briquets  as  primary  reactor 

^haJs"  On  li^^.  o(.hn  l.r.go.ng  r.act.on  .he 

boron  .richlor.de  production  rate  lor  borax  feed  ehould  '  P"  ®  j„„ 

that  (or  boric  oxide-carbon  leed.  The  d.ecrepancy  luggeete  that  the  reactl  n 
m*y  be  pr  oceeding  by  a  different  path.  A  pl.u.ible  explanation  ..  offered 
by  the  fol' owing  equations: 


2NaiB407  +  14C1|  +  7C 
3Na|B407  ^  2BC1,  - 


->>  4NaCl  +  8BCI1  7CO| 


7B|0)  6NaCl 


2B|Oi  +  3C  t  6CI1 


-1^  4BC1,  +  300] 


CO,  4 


2C0 


c? 

07) 

(I) 

© 


U  in  addition  to  reaction  (I).  reactione  (H)  0  “''n'’’ „t“'„uhlorrde“"’’ 

olete  excee.ive  sodium  chloride  ie  formed  and  lower  boron  trichloride 

prodJcTon  rate,  are  obtained.  Furthermor-  the  "white  •“‘‘f* 

with  use  of  borax-carbon  feed  can  be  explai-i^  by  reactions  (n)  and  (I). 

The  severe  fusion  of  the  reactor  bottoms  characteristic 
experi  mente  cannot  be  explained  on  the  bast,  of  react.™  ® 
meltina  (softening)  points  of  borax,  sodium  chloride,  and  boric  oxide, 
which  are  1  365  ",*1472*  and  I  HOT  respectively.  However,  the  occurrence 
of  reaction  (Q)  convenienUy  accounts  for  the  phenomenon. 
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TilWr  XXV  ihm  ttm  catcaUtt<l  tfOiitni  gat  ttrvam  com- 

{lOkiiion  far  lioraa-cartioii  ft#<l,  ®«|Mrrtm«ni  BL-lo'?,  (i>m|*ar«t  favarabiy 
wiih  that  for  UofiC  o»i4#-carban  briHari  fcoO.  eaperimrni  HU- 141. 


In  canrr.mcntt  Ill--i09  and  UQ  ihc  raactor  charg#  conaitiad  of  chunk* 
of  anhydfOtt*  N»raa  up  la  I  #2  inch)  iniartpartad  mlh  carbon  pallet*  to  give 
an  appronmaic  overall  feed  formulation  of  NBO»iOd,,  or  per  cent 
e«c***  Whco  tarbon.  Data  ahoo  that  virtually  no  product  «ra*  obtained 
and  that  tne  boron  and  ..hlorine  paa*  yield*  u»ere  entremely  low.  However, 
in  eMperiment  BL-410.  H2  g.  of  hydrogen  chloride,  representing  about 
IS  per  cent  of  the  chlorine  charged,  wa*  recovered  in  the  water  •». rubber 
indice.tng  that  some  boron  trichloride  had  been  formed  and  then  hydrol|xed, 
or  that  the  re*idual  hydrogen  (a*  water)  had  formed  hydrogen  chioride  in 
accordance  with  the  following  equation* 


H4O 


CO  •  H| 


and 


H, 


iHCi 


The  H*l  charge  (o*  expr r .mc*nt *  BL* i 1 6  and  ^17  wa*  the  aame  a* 
that  for  BL-J09  and  210.  In  addition  to  chlorine  at  9.0.  carbon  monoxide 
atl.Ocu.ft  hr  at  S.  T.  P.  wa*  pa«»ed  to  the  primary  chlorinator.  Re- 
aultii  show  that  only  in»ignificant  amount*  of  boron  trichloride  were 
formed. 


X.  CHLCI.INATION  OF  BORON  CARBIDE 

Seventeen  batch  experiment*  were  performed  o  evaluate  the  re¬ 
action  tha  racteriHt.c*  of  boron  carbide.  In  addition  tu  ite  higher  heat  of 
reaction,  other  po.ssiblc  advantages  from  uhc  of  boron  carbide  as  the  Hourie 
of  boron  include  (a)  the  elimination  of  fusing  due  to  the  high  melting  point 
of  boron  carbide  4Z60'F),  and  ^b)  elimination  of  white  aolids  due  to  tJie 
absence  of  boric  oxide.  Operating  condition*  and  production  data  for  the 
tests  are  summarized  in  Tables  XXVI,  XXVll,  and  XXVIII.  Average  re¬ 
sults  for  boric  oxide-carbon  experiments  are  included  in  Table  XXVIII 
for  compari  son . 

The  apparatus  used  for  these  evaluation  experiments  was  the 
same  as  that  used  for  the  !,pherical  boric  oxide-carbon  feed  and  borax 
feed  experiments  and  is  illustrated  in  Figure  21.  A  caustic  scrubber 
was  added  for  a  few  of  the  final  tests. 


The  R-1  charge  consisted  of.  (a)  1/4  to  1/2  inch  diameter  boron 
carbide  chunks  mixed  with  carbon  pellet*  in  varying  proportions  (experi¬ 
ment*  BL-158  to  182);  or  (b)  powdered  boron  carbide  and  Witco  carbon, 
(BL-189  and  -190);  or  (c)  A.IOOW  pellet*  containing  0.05  lb*,  boron 
carbide  for  each  pound  of  boron  carbide  plus  boric  acid  (BL-213,  214, 
and  215);  or  (d)  same  as  (c)  but  in  spherical  pellet  form  and  with  a 
boron  carbide / boron  carbide  plus  boric  acid  ratio  of  0.0123,  (BL-222) 
For  all  experiments,  the  R-1  charge  was  supported  in  the  hot  zone 
by  a  bed  of  carbon  pellets.  With  the  exception  of  BL-158  and  159, 
the  gas  heat  source  to  R-i  was  turned  off  simultaneously  with  the 
introduction  of  chlorine.  In  experiments  BL-158  to  161,  -189  and  -190 
a  secondary  reactor  R-2,  was  not  used.  A  vertical  carbon  bed  contained 
in  a  2-1/2  inch  inside  diameter  x  24  inch  heated  pipe  to  which  supple¬ 
mental  chlorine  was  fed,  wa*  used  for  experiments  BL-175,  176,  177, 
179  and  213-215  whereas  a  cold  Bed  of  boric  oxide-carbon  briquets  was 
used  for  experiments  BL-180,  181,  182  and  222.  Chlorine  was  passed 
to  R-1  at  a  constant  rate,  except  for  BL-176  to  181  where  the  rate  was 
varied  in  an  attempt  to  sustain  the  reaction  without  supplying  additional 
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10  bo  o^.irj  ..  e«.a»nc.d  by  (r..  chlof.!..  m  the  ?' 

tho  *-l  bod  irmprritur.  had  droppad  aoIlieianUy  aa  aa  1.  bO 
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»tor  rhar^r  ol  100  par  caM  bo-on  tarbida  »ta  n«  i.al«l  dua  lo  iha  kno«n 

heAl  o(  function. 

Tha  (.rat  two  boron  carb.da  chlorination  aa^rimenta  ' ”• 

wh..n  Ui. Iliad  an  R-l  -harita  ol  boron  carbida  cbunka  17  por  cant) 
rnih  di.Vila'ar  carbon  pallat.  .*»  par  cant)  at  a  alart  “P  't  ®  a 

Had  .o  b.  tar. . a, ad 

r:’:‘,or"  u.:  “'a:.:;':*;::.;!  •’i^ab.a  xrv7.;"h%v.*'*."..,ni,ican.’  .c  raa.a  ,o^ 

Jl  Q  ratio,  l-lt.  Vi  8.^  for  boric  oxtd«*carbon  briqurti) 

w“Th^ot(:rU“lht‘hypothe...  th.t  boru  oaide  X*Lo^^^mc"Ioni^w*,ihl 

"white  iolid^  .  The  rather  high  hydrogen  chloride-boron  tr  c  ^**«'** 

ratio  ti  »he  refult  of  eaceaeive  hydrogen  at  water  in  the  carbon  pel  let  a  and  or 

the  ihort  .luratjon  of  the  two  eaperlmenti.  Eaperirnema 

u.ually  exhibit  high  hydrogen  chloride-boron  trichloride  ratios 

boron  trichloride  formed  will  initially  react  with  any  P"* 

boric  oxide  and  hydrogen  chloride  until  the  water  f 

been  exhau.ted.  In  chlorination  experitnenta  BL-lbO  and  UMaam 

and  chlorine  rate  at  1^8  and  159)  the  external  gas  heat  supply  to  R-l  was 
turned  off  timultaneouily  with  the  introduction  of  chlorine  to  see  whether 
the  heat  of  reaction  was  lufficient  to  balance  heat  looses  thui  sustain 
rcil^tiol,.  A  tcmp.r.tur.  ri,.  oT  .pp,oxlm«eIy  lOT  (1.  '“0-P) 

■hortlv  after  start-up  with  chlorine  after  which  the  temperature  of  the  bed 
droppeVrapidlv  and  Veached  1020*F.  40  minutes  after  going  on  stream. 
The^?apid  reduction  in  bed  temperature  and  consequent  loss  of  reaction 
was  reflected  m  (a)  low  chlorine  pass  yields,  26  per  cent,  (b)  low  production 
rates.  0.45  lb.  boron  trichloride,  and  (c)  high  chlorine  content  of  the  condensed 

product.  66.  per  cent. 

Attempts  to  sustain  reaction  over  a  period  of  time  by 
boron  carbide  concentration  of  the  charge  and  by  regulating  the  chlorine  feed 
"ate  throu^Hout  the  experiment  (BL-ITS  to  183),  were  partially 
Figure  27  depicts  the  time- temperature  curves  for  two  of  the  experiments, 
BL-179  and  181,  and  for  an  experiment  with  bone  oxide-carbon  Oiinuent  . 
Although  BL-179  and  181  were  started  at  essentially  the  same  tempera  ure, 
1100“Fand  at  the  same  initial  chlorine  rate  9. 0  cu.  ft ./ hr  . 

R-l  and  l.O  to  R-2  and  had  approximately  the  same  boron  carbide  concen¬ 
tration,  reaction  temperatures  were  maintained  successfully  in  -9 

whereas  a  rapid  drop  off  was  observed  for  BL-181 .  Higher  ^ss  yiel 
and  production  rates  were  obtained  in  BL-179.  Boron  and  chlorine  pass 
yields  for  BL-179  compare  favorably  with  the  average  v^ues  obtained  with 
use  of  boric  oxide-carbon  briquets  and  no  carbon  bed.  However,  production 

rates  were  slightly  lower. 

It  was  thought  that  the  generally  low  chlorine  and  boron  pass  yields 
experienced  for  numerous  boron  carbide  chlorination  experiments  were  caused 
by^poor  distribution  of  boron  throughout  the  reactor  charge.  Futhermore, 
the  poor  temperature  distribution  experienced  in  these  experiments,  (hot 
spot-',  'vas  Tlso  thought  to  have  been  the  result  of  poor  boron  distribution. 
Arcoraingly,  BL-189  and  190  were  performed  with  a  charge  of  intimate  y 
mixed  20  to  200  mesh  boron  carbide  (27  per  cent)  and  20  to  40  mesh  itco 
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carbon  t^l  oor  crni).  Th«  Wiico  carbon  «af  arii»«t  at  %aO*F  before  mising 
with  lb#  boron  carbide  jioerder.  A  carbon  bed  leat  not  uaed  for  ibeae  leio 
eaper inne ni a »  Enceaaiee  heal  of  reaction  resulted  mourningol  the  R*l 
thermo^eell  and  premature  shutdown.  Table  XXVIll  show*  low  boron  pa.* 
yield*  for  these  test*.  However  the  chlorine  conversion  of  77  per  ieni  and 
boron  trichloride  production  rate  of  1.55  lb.  «hr.  for  esperimenl  III.*  I  do 
are  •uperior  to  cor  responding  boric  oside -carbon  briquet,  -no  carbon  bed 
avrrage*.  The  mo*t  significant  result  obtained  in  eaperiment  BL-tdO 

the  low  hydrogen  chloride -boron  trichloride  weight  ratio  0.0.:s).  In 
all  previoui  enperiments  the  carbon  in  the  bed  consisted  of  sintered  Ultra 
pellet*  which  contain  hydrogen  equivalent  to  between  I  and  1  p  r  vent  wairr 
originating  primarily  from  water  added  during  the  pellet  preparation  praxes.. 
However,  in  esper.ment  BL-ldO.  water  wa*  never  added  to  the  carbon 

Examination  of  the  residue  in  these  experiment*  fatted  to  indicate 
any  fusing  or  softening.  The  residue*  were  free-flowing.  Furthermore, 
the  amount  of  'white  solids'  deposited  in  the  overhead  lines  was 

negligible . 

In  experiments  ’JL-ZIJ,  214.  and  215.  the  R-l  charge  consisted  of 
1.4-i;ich  tablet*  prepared  from  mixtures  of  boric  oxide,  boron  tarbide, 

.tnd  carbon  formulated  to  100  per  cent  excea*  carbon.  This  charge  was 
formulated  to  yield  /.  boron  carbide- boric  acid  plua  boron  carbide  ratio  of 
I  #  20.  At  R-l  chi  O'  me  rate  a  of  1  5  and  1  3  cu.  ft.  <  hr.  at  S.  T.  P.  for  BL-21  5 
and  214  respectively,  reaction  was  excellent.  The  reactior  was  sustained 
for  JO  minute*  R-l  heat  off  during  experiment),  until  cxccasive  heat 
necessitated  shutdown.  The  production  data  for  experiment  BL-21  J  pre¬ 
sented  in  Table  XXV  show  that  reactivity  of  thia  feed  compared  favorably 
with  that  of  boric  oxide -carbon  briquets  maintained  in  a  continuously 
neated  reactor  tube.  In  experiment  BL-21  5,  the  R-l  chlorine  rate  was 
reduced  to  9 . 0  cu .  ft .  /  hr .  at  S.  T.  P.  Reaction  temperature*  could  not  be 
sustained  at  this  lower  chlorine  rate.  Af  ter  a  100*F  te  j.per ature  rise  to 
1}10*F,  the  bed  temperature  dropped  to  lOOO'F  rapidly.  Experiment 
BL-222  (A'lOOW  t  B4C  feed,  B4C/B4C  ♦  H,BO,  -  0.0123)  had  to  be  discon¬ 
tinued  after  1  3  minutes  of  chlorinating  time  because  of  plugs  caused  by 
deposition  of  solids  in  the  line.  The  hydrogen  content  of  the  feed  was 
1 . 02  per  cent . 

yi  USE  OF  CHLORINE-OXYGEN  MIXTURES  CHLORINATION  OF 

rArii-.  rtyiDE  -  ttiRMU  reaC)  with  a  mixture  61-  chlorin^£' 

ANP  OXVCI=:!7 

In  experiments  BL-21 8,  219,  and  221,  the  chlorine  feed  to  R-l  was 
supplemented  with  oxygen  to  determine  whether  additional  heat  could  be  ob¬ 
tained  through  combustion  of  the  excess  carbon  present  in  the  solids  charge. 
Data  from  these  experiments  are  contained  in  Tables  XXIX  end  XXX. 

The  batch  type  reactor  system  described  in  Figure  21  was  utilized. 

No  changes  were  made  in  the  recovery  system. 

A  3-inch  diameter  x  11-inch  bed  of  1/8-1/4-inch  diameter  A'lOOW 
granules  was  charged  to  R-l.  A'150W  briquets  were  charged  to  R-2 
to  serve  as  a  white  solids  filter •  The  R— 1  bed  was  heated  to  1  250  F  and 
the  external  source  of  reactor  heat,  gas,  was  turned  off  with  introduction 
of  the  mixture  of  chlorine  and  oxygen.  Each  experiment  was  on  stream 
for  1.0  hour,  at  which  time  the  experiment  was  purposely  terminated. 
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Tim#-iifm}M»r«tur«  carv«»  (or  lh«  Ihrto  ihoorn  in 

Kigur*  tn4ir«ir  iH«i  con»t<i«r«blo  Aditiltoiuil  h««t  wat  obiatnaii.  Con* 
vrrtlon*  «rMl  boron  trirhlori4«  productiiMi  ratoa  wort  tubtianiially  boftrr 
iHan  (or  e ape ri mania  in  arhich  no  oaygan  waa  (ail  lw#t  conaidarabty  looar 
than  (or  l•^^parlmrr^la  in  arhich  aaiarnal  haat  araa  maintatntd  ilirouijhotil 
th«  rapcr  imenl . 

XII.  WOT  AMY  TUBE  CHLORINATION 

A*  pari  o(  a  nanaral  program  to  invaatigata  various  olhar  maihoda 
prodat  inii  boron  trtchlorida,  a  aariaa  o(  banch  acala  chlorination  aapari* 
werr  prrformad  afith  a  rotary  kiln  typo  raactor.  Tha  raaulta  o(  ai* 
PKprrititrnt»  ara  Kumnnariaad  in  Tablaa  XXXI  and  XXXll. 

Figura  if  t»  an  illuatration  oi  tha  Rotary  Chlorinator .  Tha  raactor 
wa«  a  tnodifiad  lla rtlrtt -Snow  Rotary  Calcinar  conaiaUng  aaaantially  of 
a  7. foot  Isng  n»ckr’  alloy  tuba  with  a  S-l> 2-inch  inaida  diamatar  carbon 
liner.  Heal  wat  Aupplied  by  a  gaa  (urnaca  which  haatad  2*3/4  (aat  o(  tha 
retort  tube.  Four  3^4 -inch  (lighta,  each  3-1/2  (eat  long,  wara  inaarttd 
in  the  furna.e  chamber.  Driad  and  prahaatad  chlorina  wai  (ad  countar 
current  to  the  flow  of  aolida.  Tha  boric  oxide-carbon  (aad  waa  charged 
by  a  acrew  type  feeder.  The  recovery  ayatam  waa  aaaantially  tha  aama 
aa  illuatrated  in  Figurea  1  and  2. 

The  operating  procedure  waa  aa  followa* 

(a)  Start  retort  rotating 

(b)  Preheat  the  retort  for  2  to  3  houra 

(c)  Charge  feed  hopper  and  feed  boric  oxide -carbon  granulea 
(or  powder)  (or  2  houra  to  build  up  a  bed 

(d)  Pasa  chlorine  into  the  ayatem 

The  chlorine  rate  during  experimenta  RC-4,  5  and  6  waa  varied 
to  establiHh  production  rate  veraua  chlorine  rate  relationahips. 

In  experiment  RC-1,  the  temperature  in  the  reaction  aone  waa  det-r- 
mincd  by  a  thermocouple  inaerted  into  the  bed  of  rotating  feed.  However, 
after  this  experiment,  flighta  were  inatalled  and  the  temperature  was  es¬ 
timated  by  visual  observation  of  the  degree  of  glow  on  the  retort  tube. 

In  experiments  RC-4,  5  and  6,  the  effluent  gas  stream  was  passed  through 
a  glass  wool  filter  and  then  directly  to  auxiliary  water  and  caustic  scrubbers 
until  the  effluent  was  dry.  The  foregoing  modification  was  effected  to 
reduce  plugging  which  plagued  earlier  experiments. 

As  shown  in  Table  XXXI,  the  first  3 experiments  were  performed 
with  sintered  granules  as  the  feed  material.  Powdered  feed  for  RC-4,  5 
and  6  was  prepared  by  pulverizing  granules  and  then  drying  the  powder  at 
500 ‘F  for  3  hours.  The  feed  analysis  for  all  experiments  wat  approximately 
the  same. 

For  the  first  three  experiments,  it  was  necessary  to  operate  the 
chlorinator  with  the  retort  tube  revolving  at  the  lowest  speed  because  both 
the  retort  tube  and  the  solids  feed  screw  were  connected  to  the  same 
drive.  Even  at  the  lowest  speed  the  amount  of  solids  fed  was  5  times  the 
stoichiometric  quantity  required  to  react  with  the  chlorine.  The  chlorine 
feed  rate  was  limited  by  the  capacity  of  the  recovery  system.  Table  XXXII 
(recoveries  and  yields)  shows  that  very  little  product  was  formed.  Chlorine 
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rvcovvrv  U«cAy«*  ol  in  tli«  •fttvm.  F^r#«|iMrnl  tlititdiiwfi  nl 

IIC>1  so  1  nvcosttutvd  by  tho  formAllim  ol  fttufo  in  th« 
<tt(l^9n%  gi»  linr*  And  in  tli«  rrcovory  tyttom.  It  it  btlitvAd  IImiI  «lmo«t 
nil  qI  ih#  boron  tnchloridt  «rHi»*h  mm  formod  roactod  with  llw  wattr  con* 
same  I  in  ihr  cuccaa  bone  onido*  carbon  granttUr  lead  to  form  hydrog#  i 
chSoridc  .  bone  o«tdr  and  bone  acid  aolida  which  pluggtd  th#  cfnutnl 
gac  linra.  For  cKfrarirntnia  flC-4,  %  and  b.  tha  aolida  laadar  waa  connari* 
ed  to  a  ar|»aratr  driva  which  |»armitlad  a  alowar  aolida  (aad  rata  and  reduced 
the  amount  oi  water  introduced  with  the  (aad.  At  the  aame  lima  it  par* 
mittad  a  more  rapid  rotation  of  the  ratort  tuba  which  improved  the  (light 
action. 


During  a  calibration  expartmont  wuh  powdered  (aad,  good  (light 
action  waa  obaarved  in  the  ratort  tube.  The  cylinder  loading  waa  about 
4-per  cent  of  the  cylinder  volume. 

For  experimanta  RC-4,  S  and  b  a  line  out  period  daacribad  in  tha 
operating  procedure  waa  inatituted.  However,  during  experiment  RC*4. 
only  one  water  ac rubber  waa  uead.  The  highest  boron  trichloride  pro* 
duction  rate,  1.0  lb.  ^hr.  /ft.  *  of  croaa  aactional  area  waa  obtained  in 
FC-6,  with  a  chlorine  converaion  of  14,7  per  cent,  and  a  chlorine  re¬ 
covery  of  71.8  per  cent.  Thia  production  rate  ia  baaed  on  the  experi¬ 
ment  time  only  and  excludes  the  line  out  period, The  item  ’TlCl  Pro¬ 
duction  Rate  aa  HCIi"  in  Table  XXXll  is  the  amount  of  boron  trichloride 
that  reacted  with  water  in  the  feed,  to  form  hydrogen  chloride. 

Figure  10  ahowii  the  production  rate  of  boron  trichloride,  the 
production  rate  of  boron  trichloride  plus  hydrogen  chloride  as  boron 
trichloride  and  the  chlorine  conversion  as  a  function  of  the  chloride 
feed  rale  for  experiments  RC-4,  S-1,  5-2,  and  6.  The  theroetical 
production  rate  of  boron  trichloride,  100  per  cent  chlorine  conversion, 
based  on  chlorine  fed  is  also  shown  for  purposes  of  comparison.  These 
data  show  that  a  maximum  production  rate  and  chlorine  conversion  was 
attained  at  a  chlorine  rate  intermediate  in  the  test  range.  The  phenomenon 
may  be  attributed  to  the  cooling  effect  of  chlorine  when  fed  at  rales 
exceeding  1  3. 5  cu.ft. /hr.  at  S.T.P.  The  bed  temperature  may  have 
dropped  below  the  minimum,  about  1100*F  required  for  reaction. 

However,  other  factors  such  as  degree  of  leakage  and  feed  characteristics 
may  have  influenced  the  shape  of  the  production  rale  and  conversion 
curves. 


The  purpose  of  the  Rotary  Chlorination  experiments  was  not  to 
obtain  extensive  operating  data  but  to  determine  the  feasibility  of  the 
process.  Results  obtained  from  six  experiments  have  shown  that  boron 
trichloride  can  be  produced  in  limited  yields  by  chlorination  of  boric 
oxide-carbon  feed  material  in  a  Rotary-Calciner  type  reactor.  However 
process  variables  such  as  flight  design,  residence  lime  of  feed,  effect  of 
chlorine  rate  over  a  wider  range,  effect  of  (eed  characteristics  such  as 
particle  size  and  per  cent  excess  carbon,  would  have  to  be  investigated 
before  building  a  pilot  plant  reactor.  Based  on  operating  experience,  it 
is  anticipated  that  fusing  of  boric  oxide-carbon  feed  on  the  retort  walls  and 
in  the  retort  bed  would  present  obstacles  to  continuous  chlorination. 
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XIII.  CONCl.USIONS 

A.  K«l.r«n»  M.ieil  rMctor..  eiilwr  .Ucirlcally  “'  «**  I”'*'* 
mmrm  iound  to  live  better  control  o*  bod  lomporaturo*  than  *n  inlorn*lly 
hrotod  ro»»«unro  bod  olocirodo  fii.naco  in  Iho  chloriiwiion  o(  ^ 

St,rlr».de  .nd  c.rbon  .t  .U..l.d  «mp.rM»r...  H«tm»  'T'*;. 

r/l  ^a,r;n>  ;l*h.  c.u..nt  lodU.d  h,...n,  .»d  poor 

lion  fo..  Z  Urd.  tb)  iTriurnl  lo..  ol  con...-.  b..««n  .hr  rlrc.rodr.  .«d 
the  bod  and  (c)  (uoinit  ol  iho  bod, 

H  Fowdorod  mmturoo  of  boric  o*idc  »nd  c»rbon  could  not  bo 

chlor.n .Ud  ...X.or.ly  .n  .  I...d  b.d  do.  «  ch.n«l.n*  ol  "“'tn. 

by  luiiof.  ol  the  bod  »t  tcmpor*turoi  required  lor  roactlon.  Food 
c  ontaining  100  per  cent  racoon  carbon  wore  tooted. 

C.  Tablottcd  miaturoo  of  boric  oxide  and  furnace 
taming  100  per  cent  exceoo  carbon  were  chlorinated  oatiolactorily  at  1 10 
ISOO'K  without  luoion  of  the  reactor  bed. 

I)  Boric  oxide- carbon  feed  in  ihe  form  of  almond  ohaped 

„r  l,h.  l,4.,nch  .ph.r.c.1  «r.nulr.  chlor.n.t.d  ..  w.ll  ..  ..ble.t.d  (erd. 

E  An  incrr...  .n  the  exte«.  c.rbon  con.en.  from  40  to  JOO  per 

.rm  w.H  a.co.np.n>ed  by  .  decree.e  .n  the  boron  >”‘^>'lor.de 
rate,  ami  chlorme  conver.ion.  Apparently,  thi.  *a.  r.u.ed  by  decrea.ed 
boron  concentrations  of  the  reactor  bed, 

K.  Increa.ing  the  reactor  bed  temperature  from  1124  to  at  lea.. 

1  J40-F  rrsullc.l  tn  an  increa.e  in  the  chlorine  converaton  from  aO  to  B2 
pc  r  cent . 

G  Vent  gas  analysis  for  experiments  in  which  the  bed  height 

was  variJd  frorc.  3  to  U  inches  indicated  that  carbon  dioxide  rather  than 
carbon  monoxide  is  formed  first. 

H.  A  chlorine  residence  time  of  approximately  0.25  seconds  is 
required  to  produce  a  product  free  of  chlorine. 

1  The  following  reaults  were  obtained  for  chlorinating  a  12- 

inch  deep  X  3-inch  diameter  bed  of  boric  o^de-carbon  briquets  at  approxi¬ 
mately  1  300  T,  and  at  a  chlorine  rate  of  15  cu.ft,/hr,  at  S.T.l^. 
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J  Tl»#  formdUion  o(  lif4rog#n  cHlorid#  by  Ih*  rtacliofs  of 

con.«n;.i  .n  J  o..d..c.rbo.  f..d.  -..h  b.r«j  Ir.chl.nd.  «.  m.n.m.«d 

by  ob§#rvifig  r*iid  •ifiltring  mnA  f»e<i  •lortge  pro<c4ur#». 

K  'Whil#  iolMif*  which  were  formed  «•  •  by-product  And  dopoiilrd 

tk*  «inuoni  BAa  Itnot  virtually  oliminatad  by  paaeinc  tht  primary  re- 

"cor'  r.!i"h*:«c«.d.rr  r.icor  com..«*2,  b«  •;«* 

havina  a  •eoaratc  chlorin#  U#d.  A  b«d  containing  O.OU  ft.  of  ..arbon  par 
«r  hwr  o(  boro,  trirhlorido  producod.  ond  ho.l.d  lo  .pprMlm.t.ly 
w.“  .qu.rod  10  convert  .he  ••h.te  .olid.-  ta  oddmon.l  boron  .n- 

chloride. 

L.  An  unhealed  filter  bed  of  0.02  boric  oxide- carbon  briHuele/ 
poundihour  of  boron  trichloride  produced  wae  aUo  found  to  be  effecilve  in 
ehminating  the  problem  of  "white  aolida  . 

M  Bcric  oxide-carbon  chlorination  experimente  with  preheated 

chlorine  were  inconclusive  becaute  of  the  inadequacy  of  the  teit  equipment. 

N  The  inclusion  of  small  amounts  of  boron  carbide  in  the  boric 

oxide-car'bon  charge  provides  sufficient  additional  heat  when  reacted  with 
chlorine  to  maintain  reaction  temperature  without  external  heat. 

O.  Supplementing  the  chlorine  feed  gas  with  oxygen  resulted  in 
additional  heat  but  not  enough  to  sustain  the  reaction, 

V,  Chlorination  of  sodium  tetraborate  plus  carbon  is  ^'l'*^'**"**** 
by  (a)  preferential  chlorination  of  sodium,  (b)  excessive  fusion  of  the 

bLom.V?c)  .olid.-  bVl'.Ved* 

boric  oxide- carbon  feed.  The  excessive  fusion  Oi  the 

to  be  caused  by  the  formation  of  boric  oxide  as  r.n  intermediate.  P 

paration  of  boron  trichloride  by  the  chlorinatlo  i  of  borax-carbon  in  a  fixed 

bed  reactor  is  not  recommended. 

Q.  Chlorination  experiments  in  a  rotary  kiln  type  reactor  with 
boric  oxide-carbon  granules  as  solid  feed  showed  that  boron  trichloride 
could  be  produced  in  limited  yields  but  that  operation  of  a  commercial  siae 
reactor  is  not  feasible  because  of  the  low  chlorine  conversion. 
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TABLE  I 

RAW  MAtfRiALS 

A.  CARBON.  WITCO  CHEMICAL  COMPANY 
CHEMICAL  AND  PHYSICAL  DATA 


Bench 
Scale 
StocV  ;al 


KUed  Carbon  \per  cent)  99 

MoUlure  (matt,  per  cent)  4  (typical  1) 

Aah  (per  cent) 

Particle  Site  (m^)  70 

Specific  Gravity  1.90 

Deniity  (app*^®''*  lb. /cu.ft.)  20 
a)SHF-F  l  Witco  powder 

(b)  SRF  beadi,  approximately  I /lb  inch  diameter. 


1.90 


Pilot 
Plant 
Stock  (b) 

99 


I.IO 

27-10 


B  BORIC  OXIDE,  BORIC  ACID,  AND  ANHYDROUS  BORAX 
CHEMICAL  AND  PHYSICAL  DATA 


BjOj  (per  cent)  98.81 

HaO  (per  cent)  0.75 

Na  (per  cent,  maximum-  0.1-0.05 

typical) 

SiO|(per  cert,  majtimum-  0.3-0.14 

typical) 

AlaOi(per  cent,  maximum-  0.2-0.09 

typical) 


typical) 

CaO(per  cent,  maximum-  0.05-none 
typical) 

MgO(per  cent,  maximum-  0.02-none 
typical) 

Bulk  Density  (lb.  /cu.ft. ) 

(loose  packed) 

60  mesh 


1 00  mesh 


61.5 


H,BO>(a)(b)  NaiB40T  (a)(c) 

56.  Ktheoretical)  69. 2(lheoretlcal) 
43.7 (theoretical)  Na,O(^}0.^8  j 

0.1-0.005 


0.3-0.14 


0.2-0.09 


FeaO,(per  cent,  maximum-  0.1-0.04  0.1-0.04 


0.05-none 


0.02-none 


(a)  U.S.  Borax  and  Chemical  Corporation 

(b)  60  and  100  mesh  technical  grade  powder 

(c)  Dust 


0.05-0.015 

0.05-0.007 

0.01-0.005 

0.02-none 

0.01 -none 

SO,  0. 27-0.005 
Typical  Analysis 
NaaB407-99.  3 
per  cent 

HaO  0.4  per  cent 
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TABLE  I  iCo«ilfiu#4) 

RAW  HATER ULS 

C.  BORON  CARBIDE  CHEMICAL  AND  PHYSICAL  DATA 


Norbide  (b) 

|«) 

Lot  I 

Lot  2 

Lot  1 

U^C  (per  cen’.i 

70.9 

91.2 

82.4 

77.6 

Residual  (c)  per  cent 
(free  carbon,  ash,  water) 

1 

29.1 

8.5 

15. 1 

It. 6 

w 

BjOi  (per  cent) 

not  given 

0.  J 

2.5 

4.8 

Acid  insoluble 

1 

t 

Partiefe  Size 

not  given 

98.9 

9b.  6 

94.4 

1 

not  given 

30  mesh  3 .  1  b 
to  1 / 4in.  to 

1/2  in. 

3/  16 

to 

.  1  <  2  in 

(a)  Cleveland  Industrial  Research,  (technical  grade).  This  feed  was 
used  in  experiments  BL-158  to  161. 

(b)  Norton  Company,  technical  grade. 

(c)  Determined  by  difference, 

D.  CHLORINE,  HOOKER  ELECTROCHEMICAL  COMPANY,  100  POUND 

CYLINDERS 


Impurities _ 

Carbon  Tetrachloride 

Chloroform 

Hexachi or ethane 

Ferric  Chloride 

Carbon  Dioxide 

Oxygen 

Nitrogen 


•  40  parts  per  million 

•  40  parts  per  million 

-  ZS  parts  per  million 

-  2S  parts  per  millioi 

-  0.5  per  cent  by  volume 

-  0.4  per  cent  by  volume 

-  0.07  per  cent  by  volume 


E.  NITROGEN,  AIR  REDUCTION  COMPANY 

Oil  pump  grade,  in  cylinders  of  224  cubic  feet  at  standard  temperature 
and  pre ssure , 
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OPERATING  CONDITIONS  FOR  Ctf LOHTNATION  EXPERIMENTS 
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TABLE  IV  (Continued) 

OPERATING  CONDITIONS  FOR  CHLORINATION  EXPERIMENTS 
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HOTICl;  WHEN  GOVIRNIIINT  OR  OTHER  DRAWINGB,  SPECinCATHMS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PORPOIE  OTHER  THAN  IN  CONNECTION  WITH  A  DEnNTTELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  E  QOVERNimiT  THEREBY  INCURS 
NO  RESPONBIBILITT,  NOR  ANT  OBUOATiOM  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAT  HAVE  FORMULATED,  FURNBHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAH)  DRAWmOB,  SPECIFICATIONS,  OR  OTHER  DATA  B  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWBE  AS  Of  ANT  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OH  CONVEYOfO  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANT  PATENTED  DfVENnON  THAT  MAT  Of  ANY  WAY  BE  RELATED  THERETO. 


Q 

U2 

Ul 


< 

u 


Ui 


a. 

to 


u* 

O 


u 

(0 


X 

H 


u 

J 

CQ 

< 

H 


U 


o 

1*4 


to 

Z 

o 


H 

Q 

Z 

o 

u 


M  £  M 


y 

aC 


•  F  • 

•  w  t  W 

I.  4:  d  £ 

_  *0 

mm  3  <• 

.  *  X  • 

O  m  o  y 

<»  «  •  •  y 

i«  •!•••§  0 

««•  •«»  y 

uuou  2 


b 

c 


"tJ 

% 

T  it  ,• 

U  0  £  •£ 

•  e  '®  ‘  N 
fc  •  X  ^  • 

;i  •!» 

tj  U  ^  ^  ^ 

c  -  *•  2  ^ 
V  iu  2*0 


I* 

e 

If 

■« 

$ 

u 


-9 

tf 

« 

H 

3 


•  «  «  •  e 


3 

If 


-  c  ±  •  e  • 

m  -  *s  •  -  • 


u 

§ 


k  t. 


b  b  b  b  ttf 

«r 

at  b  • 

«3  W 

It  ^ 
9  b 

w  w  b  w  3 

M  M  M  M  ^ 

SJ  U2  U!  UJ  X 

3 

£L 

3 

£ 

^  b  3 
OkXU! 

^  M 

XUi 

tt 

Plug 
hr . 

g}  «•  •#«  0  H 
».  f**  0  -• 

^  ^  in  •# 

•  •  •  •  • 

00000 

none 

b 

% 

C 

•3 

•r 

• 

0 

r* 

<3  b 

0  c 

r»  ^ 

Ia  0* 

'j  z 

• 

0.  . 
«  b 

tn  0  iT  0  0 

1  oe  tn  ao  0 

1  go  r-  go  r-  '3 

1  . 

r* 

• 

000* 

<3 

• 

0  0 

•  • 

A  A 

f, 

3  3 

3  0 
•  • 
0  M 

b  M 

*5  ** 

£  f 

z  & 


b 

C 

b 


O  »- 

o  <0 
o 


o 

o 

r- 


O 

O  f^ 

o  • 


o 

o 


OUl  x\ 

..ro 


00000 


M  o 


«  o 


kfl 


o 

•o  b 

e 


P» 


o 

z 


H 

< 

oi 


U 

0U 


b 

H 


ty 

kfi. 


<yw  f»  ^  ^ 

»M 

« 

3^ 

M  fM  iT  3* 

« 

<M 

#*4  fVl  f^ 

3^ 

▼ 

g)  jn  •r  — 

0 

M 

»<> 

3  3  3  t'*  “* 

•M 

OHO 

qo 

_  «g  ^  nj  N 

'M 

•M 

•• 

•• 

«vj  M  r> 
^  ^  ^  lO  </* 


go 


^  ^  f-  "T  'M 

^  r.  M 
^  ^  lO  tA 


M  M 


O 


flO  "T  —  r»  —  ^ 
3*  r»  ^  ^ 

^  fg  1^  1^  f'J  •• 


o 

N 

M 


^J  iT  *0  CO 
O  iO  ^ 

«g  fiA  f*% 


«  •  •) 


t 

c 


e 


I 

c 


b 

o 

Uf 


b  b  b  b  ,g 

4 

4 

It  4 

♦3  #3  ^  ^ 

^  ^  W  *3  ** 

b  b  b  b  It 

b 

ac 

b 

QC 

b  b 

ac  at 

3  3  3  3- 

0*  3  cr  O'* 

.*g  *94  *4  ‘b*  ^ 

I*  T 

If  00 

•lU  •« 

If  3  If  CO 

•  • 

b  b 


■  m 

b  b 


b  b 
3  3 
•  0*  o* 

b 


b  b 

3  3 

0*  cr 


S5ii--3-3-‘3-3--3j>^ 


b  b 

.0  X 


•  4> 

4» 

4* 

b  ''• 

•  '' 

■ 

■ 

•*  mm 
•m 

i  0 

If  -• 

3  ® 

b  — 

*3  2 

b 

"3 

3  ■< 
.?« 

X  c 

y  4  ® 

X  C  X 

^  4  «  U 

c 

4 

b  '» 

X  — 

.5  3— 

1  Si-  .5 

b 

ec 

>4 

6 

b 

O 

Uf 


flj 

0000 

nO  ^  ^ 

^ 

w  to  w  to 
0000 
rg  rsj  ^ 

rf>  rO  rO  fO 
OO  00  00  00 

<  <  C  < 


l«  (4 

O  c 
>0  X 


<vi 


o 

o 


o 

o 


o 

o 


o 

o 


o 

o 


i«  o 

3  3 

to  to 
o  o 

fNj 


rt  0 

O  O 
>0  3 

'rt  '•« 
3  3 

to  to 
o  o 

N  N 


o 


<  <  <  <  < 


00  00 

<  < 


00  OO 

<< 


(« 

3 

to 

O 

>  o 
o 

00  — 

<  < 


o 

o 


o 

o 


b 


o 


r  • 

XI  -c  0, 

^  • 

CQ  '«  f  f 


n  '  J  • 

2  o  u  10 


00  00  00  00  00  00 


»0 


00 


00 


00  00  00  00 


o  00 


rsJ 

rM* 


X 

O 


u 

o 


2 

O  *J  • 

VM  (H 

2  oj  oi  u  CO 


00000 

•  •  •  •  • 

O  ff'  3'  CT'  3' 


O 

O' 


o 

b 

O' 


o 

3' 


O 

O' 


o  o 

•  • 

O'  O' 


o  o 

>  • 

O'  O' 


o  o 

m  • 

O'  O' 


o 

O' 


o 

ro 


J  1  , 

X  oUg 

U  zjtt- 


ai  a 

00  O'  O'  o 
000-^ 


X 

o 


r'i 


Oi 

|^J 


fO 


ai 

Bi 

O' 't 

O 


O4 

£ 

in  >o 


r-  00  O' 


o 

rg 


Page  48 


.(i  V  J-.hr:-  -  . 


TABLE  XIV  (Continued) 


%  « 

V  c 

e  »• 

«»  3 

X  - 

w  » 

.  <7 

>  fc.  •» 

0  V  9 
-  •  0 

§  E 


s  ;  • 

H*  :C  3  ^  X 


-  o 

^..|S 


3  a  «  «  h  * 
£1  ^  e  x^ 


kLj  |MC««-  ^o»'ioo«2 

-P  ,  OOr-*rr^CflC 

■UOt" - -- 


9*  7" 

-1  **  -e 


c  ° 
u.-  5 


ac—  — 


c  X 

<fl  ®  (J 
h  -  C 


o 

o 

o 

o 

o 

tn 

» 

a 

O 

o 

o 

r 

Ti 

ff- 

• 

• 

• 

• 

• 

"" 

O 

o 

O 

'MOO 

«  X 

O 

X 

in 

r-  .r 

C  X 

O' 

3“ 

«r 

*f  "f  *e 

ir  x 

•r 

iT 

■r 

""  *“ 

t 

•MX 

■" 

<M  *M  -f 

MM® 

f 

in 

X 

r-  N  f'* 

^  9S| 

X 

f 

•M 

rsl  N  N 

IM  IS| 

•f 

•4 

•si 

—  *•  — 

•M  «® 

“• 

M 

** 

« 

» 

• 

« 

• 

V  t 

•  i 

i)  M 

0 

«i# 

& 

«M 

mm 

A 

■b  *» 

V 

3  3 

w 

3 

3 

C  ^ 

X 

H  3* 

*• 

(T 

(0  -b 

00 

(J 

•  t>* 

U  l> 

acx 

c 

u  t. 

txx 

•4 

u 

•'I  oe  >« 


•>J  00  •M  o  ® 

00  r  -  ®  O'  X  o 

♦  "f  C  sO 


•r  X  in  c  'u  <^ 
•M  >si  r>  «r  o 
•M  »r  N  "f  *f 


O  3  o  3  u  3 

"xC'^xc'^xE 

.  r-  i-  '  r*  ••  C  ^ 

—  “  if—  b  af—  b  M 


b  • 

-C  CU 

«  J  . 

CQ  V4  QQ 

2u  iX 


°  -So. 

u  *}  • 

(0  H  o 
-  <u  I  :J  .  . 
2  Oi  Oi  u  W  cn 


Ou  .  ^ 
X  o  ri 
W  2  - 


^  ^  ^ 

rO  ^  ^ 

X  °  X  ®  X  ? 

I  X  I  X  I  x 

<  "to  4j  lO  <  (0 

»M  ^  tM  ^  fvi  ^ 

n  3  !I^  3  ZI  3 
7  wj  .  w  ,  w 

<o  ^  o  ^  o 

<M  5  iM  5  tvj 

03  I  CQ  I  CQ  I 


ir  tr 

•  • 

iM  fM 


O'  O' 


Page  49 


3 

C 


e 


V 

c 


e 


V 

c 


•O  s 


e 

I 

*0 

•« 

9 


e 

8 


4 

W 


«# 


**  s 

^  4; 

w  ^ 


9 

X 


» 

e 


w 

4 

I. 


>  O 
•3  ''* 


4 

•• 

u 


u 


« s 


9  *• 

£  J( 


w 

M 

US 

9 


it 

V 

ft 

US 


3 

V 

E  *9 

5  es 


If 

c 


t» 

« 

e 

•f 

•9 

e 

o 

u 


it 

§ 

4 


I 

If 

3 


■9 

3 


If 

c 

4 


U 

e 


X 

1 


•9 

4 

V 

X 


If 

I 

o 


4 


■9 

C 


3 


9 


ae 

9 


a. 

o 


o 

*>4 


cu 

o 

z 


o 

M 


is 


"4 

T 


9' 

O 


iT 


o 

►I 


tr. 


9  00 
ft\  «i* 
i/\ 


9  9 
'T  »r 


1^  r>  ^ 

mm  9  90 

9  9  9'^ 


fm  rj>. 


c 

k 

1 

MOO 

a 

x 

e 

4 

H 

J 

g 

k 

4 

4 

If 

• 

00 

y 

k 

o 

o 

>. 

tm 

a 

• 

o 

• 

o 

X 

a 

•9 

4 

If 

?f 

ao 

ft* 

■* 

k 

o 

mm 

0 

c 

• 

• 

a. 

If 

o 

o 

a 

9 

9 

c 

a 

If 

•r 

ao 

• 

O 

c 

4* 

X 

• 

““ 

ec 

•9 

If 

X 

X 

f'  X 

4  m 

tty 

4* 

4*  in 

O  in 

iklF^ 

fn 

<4  N 

4  fn 

« 

aaa 

«a4  mm 

iw*  «• 

4' 

4" 

4*  *0 

-  A.  4 

4* 

A 

^  ^  fs)  f#t 

9  'O  9  ^ 

^4  ^  ^ 


r^ 

4* 


O 

X 

M 


If  ““ 

9  ® 


00  ”5 


S-  i  5- 

12  3-0 

4«Q-5 


•9 

If 

b 

If 


—  .5  5£-  .3  «X—  .3 


C 


H  2  c 

4«>  y  • 
fc.  C  If 

eC'^  •-  u 


m 

a  V 

If  S 

1  = 

s.? 

u  k 

OCX 


a 

If 


a 

If 


a 

If 


V 

9 

O* 


If 

9 

cr 


If 

9 

cr 


If 

9 

O’ 


k 

X 


k 

X 


V  . 

3  c 

X  y 

.5  t 

•9  j 
If  ^ 
If  w 

«M  0, 

If 
u 
M 
It 


k 

4 

If 

a- 

a 

4 


V 

c 


X 

u 


2 


O- 


o 

o 


o 

o 


o 

o 


^  4 


I 

< 


'  2 
IVJ  4 


* 

'  2 

>o 


I 

w 

I 


.K3 


o 


I 

cn 

I 

o 


4* 

w 

I 

a 


9 


CQ  ^ 


^  4 

<2 

ca  N 


*  « 

'  2 

fNj  4 


^  *4 


^  'io 


C  *0 
S  O 

Cfl  M 


f4  4 

=  1 


*  « 

N  4 


C 

o 

X 
k 
4 

u 

•  If 

y  — 

1  I 


If 

X 


a 


ca  ° 


CQ  fvi 


k  k 

O  4 

X  u 


o 

71 


o  o 


U 


c  • 

^  Of 

X  • 

'«  H 

4 

4 

4 

iTs 

J  • 

• 

a 

• 

• 

u  cn 

[r- 

r- 

r~ 

r- 

• 

f-  • 

Of 

X ,  • 

o 

O 

o 

o 

O 

'*1  H 

• 

• 

• 

• 

• 

J  • 

4* 

4* 

r 

ir> 

U  (0 

fvj 

4 

4 

4 

• 

4-J 

a  • 

M 

rO 

4* 

m 

o 

X  o 

ro 

m 

m 

m 

fO 

u  z 

mm 

mm 

mm 

in 

a 

4* 


m 

4* 


fVJ 


rs) 

r^ 


o 

m 


o 

m 


4* 


4* 

N 


t^ 

m 


Pi 

n- 

m 


00 

fO 


oi 

00 

m 


a  a 
y  y 
X  X 
u  u 
C  C 


rm  4* 

fM 


•9 

If 

O*  C 
4  o 
T3  "r,  - 

y  if  « 
X  y  3 

C  S 

O  .3 
X  H  y 

la 

4  -3 

u  •9 
,  y  O 

.5  6- 

a  -rJ  H 
«  j.  3 
C 

V  .3 

9  k 
9  O 

O 

a 


a 

a 

4 


9  9 
Of  If 
X  X 


k  X 
X  o 


fvl 

oi  Bi 


C  a  O 
O  a  . 
X  If  ^ 
k  U  ° 

4  X  o 
UU  y 


4 


X  U 


Page  50 


mmwsA  ffff 


mtitff  m^sm  m.:v*  r^i+sc , 


•o, 

I'VwtoK 

•Cl*  »«*  «'« 

M«i4« 

^Sji^iiiii»B»rr  f^se;;B9BICnst  Bni*"»rt"*- 


t*?L.*-?**  i*-.  *y*  ft 


*  *•««  ■»#  «• 


...  gS. 

»#^ 


#  1# 

1 

i*  SI 

t.f 

t*« 

2».* 

S  1* 

M 

** 

t  * 

ml..  1 

S»,S 

S».» 

SI..S 

W  1 

1* 

f*  .1* 

••« 

1%,# 

I.  St 

M 

** 

i 

ft  a 

T2.# 

S«.  1 

M.S 

•Is* 

um 

f 

l.ih 

«  • 

III 

ins 

I.** 

If  * 

'll 

•S-.I 

ts  s 

Sl.l 

ins 

fti.t 

*  *4 

*«..  « 

*.l* 

•d.iA 

««« 

II  f 

1.  HI 

12 

•4  ft 

41.1 

|i»,  2 

Sf.S 

SI  • 

s'  • 

f|  i 

« ««> 

* 

*««l 

1  II 

•f.li 

«» 

II  f 

l.si 

ss 

It 

% 

•*  ♦ 

St.  t 

W.l 

ss  2 

%#,* 

1  u£'E 

Hi0  ft. 

hi  .a  iDl  I*«iuaie4 

* 

•  1,  » 

«  j 

*t.f* 

i»l 

if.i 

I.Sf 

sa 

>1.2 

a4  ft 

»4.S 

IS.I 

it.f 

II.  1 

ift.t 

*0*1 

*1.11 

It  2 

It 

I?  f 

21  • 

*.* 

sl.l 

TS.S 

wt.s 

SS.I 

%«  t 

•  ‘f  » 

be«>iae  h««  Aiealtead 

i.fS 

11.2 

It  e 

1.4 

.121 

tt.S 

H  4 

lie* 

:  ft  t 

4.,  t? 

**.44 

i%.m 

§  t 

ft.  11 

Md 

1.21 

MS  1! 

Sl.l 

41  S 

ft 

44  « 

Sl.S 

11,1 

sns 

•1.4 

WO 

If.  t 

1  *  ft 

ff  r 

ss  4 

t'S  * 

2J  4 

( 

i 

4,M 

*%*• 

«ff*«0 

fr.of 

T  J 

i  1* 

«  *4 

ilv4® 

4  *1 

ft.  ft 

♦If 

1.  II 

III 

ss  2 

tf.S 

I  t 

120.  I 

*2.  1 

SI.  11 

St.S 

lit  4 

4  »  • 

4  «l 

•4*  ?4 

0.1% 

ff.  1 

IBf 

1.21 

n 

SI  .  4 

lO.S 

S4.I 

10. » 

77,4 

ft* 

Vw 

,11 

41  .* 

II. s 

*.4 

1  M 

4.14 

•*.«» 

0 

e 

fS.li 

Ilf 

1.  lo 

0 

H.S 

21. S 

4.V 

Sl.S 

SI.  1 

II. tl 

ss.  IS 

•0,4 

JEM 

».  %% 

•I,  hi 

4 

e 

1021 

.112 

111 

ro 

1  l.s 

l.ft 

112.  1 

»S.  1 

11.1 

Tl.  > 

Ift  .  7 

^1 

4.  I» 

•  f.  jl 

& 

c 

ff.lt 

III 

.111 

ir: 

tl.s 

2f.2 

*4.4 

III. 4 

so.  1 

S'. 81 

IS.  11 

7ft.  U 

i 

4.41 

M.M 

0 

0 

ff.ie 

HI 

.121 

ill 

IS.I 

iS.I 

ft, ft 

to.  2S 

SI.B4 

D.IS 

Tl.l 

4%.  4 

4.*« 

•d.i’ 

0  14 

0 

If.  II 

III 

2.01 

ill 

S2.2 

II. s 

1.  1 

H.SS 

II.  hi 

SB.1I 

Tl.s 

44  1 

U4 

4.40 

M.M 

ir*«* 

ff.t* 

2«l 

.HI 

<11 

lf.» 

M 

14, ft 

44  S 

S4.  IS 

24. S 

IS.  1 

14  4 

4.4* 

•e.bl 

0 

ff.ii 

1020 

2.  II 

III 

14.4 

24 

1.0 

lll.l 

IS.  IS 

100.4 

S4.  1 

uo.o 

Ufc 

Not  fampled 

ill 

44 

2>  * 

ft  0 

t/’ 

Ha  Analfei. 

i« 

22.0 

t.c 

u« 

No  Analril* 

ill 

12.4 

2h,0 

a.c 

u* 

4. 

da.  10 

0 

11.01 

«fl 

2. IS 

HI 

41.2 

21. S 

O.ft 

TI.OI 

11  11 

11,12 

11.  tl 

ft4.  ft 

i  li/ 

4.  iZ 

11.11 

let* 

11.01 

lOi 

2.11 

III 

41. 0 

1  1.0 

0 

•4.11 

T2,  It 

S«.2T 

T2.  14 

40.1 

i  U 

4.44 

If.  11 

0 

lai 

1  .  M 

III 

44.  7 

IT.  1 

0 

40.  ia 

4S.  02 

r  i.bt 

4S.0 

?S,  1^ 

i  U 

4.  40 

M.  M 

0 

ISO 

1.  14 

ill 

No  Or»*t 

IT ,  .0 

t  H 

Not  S*m^o(i 

HI 

No  Ortfti 

t  14 

4.4* 

•a.  12 

).f>b 

III 

l.fl 

HI 

17.0 

IZ.O 

a.o 

120. IT 

SS.  11 

S2.  lb 

bl.42 

laft.H 

1  1% 

4.4J 

If.  If 

O.lf 

HI 

I. II 

(II 

U.4 

J4.  T 

ft. a 

in  12 

11.44 

14.44 

11.24 

i  )* 

No  Anitly*!*  (Sam|^U  Monibl«*b*rf) 

S.fcl 

•> 

4.4 

1  V 

No  Analyol*  (S*m|»l*  Ilofnblo*lio4l) 

O.fSS 

Zlak 

as,/ 

J  ft 

\  57H 

i.ia 

M.SO 

O.IS 

tr*c* 

121 

2.H 

4.01 

M.7 

ao.  4 

1.4 

1  11. 4 

bT,  7. 

SI.  11 

ST. SI 

144, ft' 

■W 

Aii*  'bfn 

ped# 

1.  11 

- 

naH 

Not  Sampled 

o.st 

* 

.»!  Intludo  Cl  from  phoagcn* 

b)  boron  trichloride  recovered  In  candoiiMr  receiver!  end  weler  ecrubber 

(c)  B  peee  field  •  B  product /B  charted 

(d)  Cl  peee  field  •  Cl  product  1  Cl  charted 

(e)  Overall  field  «  B  product/ B  charted  minue  unreacted  B 

(()  No  wet-teel  meter  •  ri 

(g)  Caperlmente  111  to  I2h,  BCli  production  rate  le  giveii  in  lb. /hr.  (not  lb. /hr. /It,  ) 


Pate  it 


i  Ik ^  § 


■  •*  t*« 

it'  ‘ 

#  1 

r 

«  1 
•  ft  *« 

jfc4l| 

lN»i 

f 

#1  %  t  # 

#*  9^^*  t 

■l 

m 

||  « 

* 

#• 

it  4 

4' 

ft* 

ft  AM 

¥• 

1  *  4. 

* 

||l;0  1^4  «  4=: 

l« 

ft  44 

»« 

4a  m  «  4i 

84 

»  ftsft 

#  PI 

,  ai«i 

*  844 

•»4 

i  7  * 

i* 

ft  4«A 

84  4 

•  *  4 

ft 

4  c  f»,  *  %.* 

«'« 

.  I»« 

|4* 

rift* 

#4* 

MUI 

>  s 

,  ,  , 

ft 

A  e  %« 

84 

ft  44 » 

8** 

1 

• 

14 

•  8*8 

1  8 

ft4H 

#44 

•  «* 

* 

A*  «  « 

l« 

«  ft8« 

Dll* 

ftl  I 

188* 

14* 

.  *  « 

« 

A  f  |!>ic  A  '  -  • 

#• 

1414 

844 

1  «  i  «** 

1  144 

u« 

Il4* 

lA* 

i  %  0> 

Ham  j.AtiAlA 

84 

i  MA 

*41  f*AHa 

1  *»» 

#»4 

hi.  <«4,  »  1 

|84» 

184 

i  «  b 

DiAii;  AatAf« 

84 

18 ’fc 

814 

flaw*  •*«*•<  !*«*•* 

1  to 

»«ft 

hi  *  1 

l8»4 

401 

1  '  i' 

0 

A 

8* 

1  184 

141 

1  •  i  %*> 

)  M4 

4*9 

« 

,  \  , 

A  i9o« 

8« 

1  400 

ftft* 

•  (  «*> 

1  wt 

lift 

•  % 

A  lO«»« 

j« 

1  l«0 

t  «  1  ft*  ' 

1  l>0 

1  ' 

o 

A  i  Om  4 

4 

1  4  1  «•» 

trA 

i  ^ 

A  •  --'4 

.’ft 

t  4^  ft 

i  a  1  ♦•» 

M  9  } 
t  10 

t,  ' 

0 

A  .a*)W 

14 

1  148 

.  !«  !  /  ft*) 

1848 

ft* 

t  '  .  u 

0 

A  |Ot»4 

i  8 

1414 

»  a  )  ft*» 

1898 

1  ’4 

i^.C 

0 

A  lOuA 

ft 

18*4 

)  a  )  ft* ) 

:o 

1*1.0 

0 

A  lOOW 

8ft 

,  IHi 

4  M 

i)  4  1  ft*) 

1898 

4.^4 

1880 

60i 

US’ 

990 

1  \ 

i^.o 

0 

A  tOOW 

84 

1  HT 

484 

IS  1  ft*> 

1  844 

ftfto 

'1 

1  VO 

0 

A  lOOA 
<1.4  I/ft*) 

8ft 

1  ftss 

498 

•*  \ 

0 

A  lOOW 

84 

I  148 

194 

il/«  lift*) 

•4S 

9.  - 

0 

A  lOOW 
il  •  1 /ft') 

84 

1294 

224 

*}? 

9.0 

Q 

A-  lOUW 

0  /i- 1  /ft*) 

84 

\  144 

24* 

9.0 

0 

A-IOOW 

il/4-l/ft') 

84 

1  )}T 

879 

9,0 

0 

A- tOOW 
iwi-i/ft') 

84 

1244 

219 

JOO 

9.0 

0 

A  lOOW 
(l/4-l/ft*) 

84 

12^4 

229 

^Oi 

9.  0 

0 

A>100W 

(Vi-l/ft') 

24 

1274 

24t 

A» 

«4#4 

- 

Ib## 

###«»• 

l%l# 

A*  , 

.gafed^rwcaaUff 

lABil 

iA>»«#4  €% 

••  ■  -‘hW'icsewsra 

#  ft# 

§»•»»»♦  t»  •  1  !*•#  *•'  tmtit 

urn- 

ft  .  ft# 

4  e# 

t*>->***  «•  •  I  fix#  •*'  ‘  '*** 

4  4* 

#•  1^*91 

•  •» 

*1**.*  1  «*»**.#*•  A- «■%«»*•» 

u  •  1 

4  #8 

%*F 

*  ^4 

**»*•  tutu**  »  •  1- 

4  #* 

Bp 

AsMa  lilt,*.  .#»«#■  » 

•  f. 

Pi.**  a*.  ss».  »-•  ■«*» 

*  4.« 

I  *4 

4g,#a,^bib«a.  b.  •  1 

I.  *  iaP. 

4# 

A.# 

**•»  :.*»••*  w  •  1 

4,4* 

i  •* 

Aitaa  »**a.»  •  •  1 

!>««•  M  IM.  ■ 

C.#4 

h#  Hd.4 

f  *• 

At%*«  IUU».  *«•••  #•  •  •' 

«  «> 

4.4ft 

4lt«a  IMti.b.  ■•I*.!  i.  ■  1 

9,  ’* 

h#  H^g 

4 

Oo4«f4*l*i 

1  !<«• 

Ai.ea  .%«•*  I.  »  < 

#.*0 

«i%»a  2U».».  b**.!  I"  •*  I 

11..  I.  •Ill.M.  «*.  tin. 

4. 

ft*««  Hh.« 

0.44 

0. 

1  t»4 

0,  18 

0.44 

a.  9t 

0,97 

0.  M 

ha  i'iiag 

0,  14 

0.  10 

Ua  Hug 

0.  10 

0.  79 

Nu  pl*4g 

0.  V 

0.  M 

Mu  Hug 

0.  11 

0.  41 

0.91 

0.28 

Plui  In  lln... 

0. 44 

No  Hug 

0.29 

0  .’9 

No  Plug 

0.48 

0.  J1 

0.21 

Huf  In  .Iflu^nl  (..  lln.. 

0.  97 

0.9? 

Plu*  In  R,  .Ml  H. 

0.97 

Non* 

0.  89 

1.0 

Non# 

<0,90 

0.  79 

Non* 

0.49 

0.  90 

0.  90 

1 .0 

Non* 

0.  ii 

1.0 

Non# 

0.17 

(.)  R-l  l«d  h,lsM  .  11  in,  boric  o*ld.-c.rbon  (..d  In  hoi  .on.  •uf.t.orl.d  by  c.rbon  poU.lo  In  cold  non., 

(hj  Enporimmli  BL-14*  lo  1»«  tncU«i»»  h«».  th.  •«mo  (ormuiolloo.  A-IOOW. 

(c)  A.  ISOWil.*  SoW.  (»a.4W*)  In  «-l  lor  onporlmonl.  BL  I*2  lo  172. 

(d)  Or.nul..  1/I-1/4  In.  dlomol.r  a..d  In  .11  ..p.rln,.nl.  ..cop.  BL-lSb  .nd  1S7  In  which  brl<,u...  w.r.  o..d. 


TABi.K  XVn 

RESULTS  OF  CHLORINATION  WITH  USITor  AUXII  LARY  HORIC  OXIfir.-C ARHON  RKO 


j 

! 


3_  I 


^  »• 


^  m 


__  _ _ 

Iliil  $  .ii  .  Ji 


•  ^1 

*? 


•A  M  ^  ^ 


il  i  ,ii 


•  • 

♦  »• 


m  2] 


•  •  •»•••••••••»•••••••••  2  ^ 

»  «>  o  ^  ^  •  *  •  4  ^  9  £  4  x5 


*1 

oo^*<**  * 

''I  ««  ® 

•  ••  ■•^••••••••••••^•••**  • 

ti  •  c  ^  o  ®  »4  ®  ••  ®  •» -•  ®  ♦  e  ••  o  —  ^  ®  ^  £2 

Cm  ®  t  H  m  *  ••© 

«•-  ** 
a 
%. 

V4 

o'ij 


tl  I 

S  2j 


•  •  •  •  •  •  •  *  ••  ••••••••  •••• 

•  O  •-•OC»«  —  ••m'*®  —  •  '5'5'S^ 

M  s. ». 


8  2i 


. ,..1131 

•  •  ■  • 

6666 

®  9  o  m  ^  m  <0^  ^  •• 

K*  o  •  —  ^  </  ®  ®  f  ®  ®  ®  ®  f*  r.*  isi  j  q  o  5  .9  .S  .? 


•  ^  c  c'*l 
>  C  >  a 


•  ^  t  •  •  •  I  I 


-"I 


—  ftci" 
U  ».  0  <«  • 
C  0.  ;3  c  ;£ 


*  -r* 
T 


^  >C 
9  9 


n  <f  I 

£?.  <4 


®  «®  r~  t  ®®®®->cr'>«®0®x9'»r>®®®®  .4><' 


•#4 


I 


..  «0  9 

f'  O 

p| 

pr® 

oo 

A*  PS 

f’* 

PS 

f- 

9 

•* 

• 

•  • 

• 

• 

• 

• 

o  « 

z  Z 

• 

Qi 

p»ivp 

‘3I»D  »<»N 

O  00 
fA  «  1^ 

9  9 

9  PJ 

»p 

»A 

r- 

tA 

9 

9  ^ 

9 

9 

PS 

o 

PS 

PS 

«A 

9 

lA 

9 

9 

C 

i* 

fo 

9^  ^ 

m  ^ 

o 

r- 

o 

9 

O  PS  00 

O 

«0 

*3 

•M  flO  ♦  O 

r- 

^0  r^ 

^  «A  9  <9  f'*  r« 

piC 

r* 

oo  fsl 

9 

r® 

tA 

U 

• 

9^ 

•  • 

•  flO 

• 

« 

•  •  • 

«e  «o  9^ 

• 

r- 

•  •  •  • 

f®  9  ®  f» 

•  •  • 

00  O 

• 

•  • 

00  00 

• 

9 

• 

00 

• 

9 

•  • 

9  r- 

• 

OP 

• 

9 

• 

9 

H 

SJ 

9^ 

®  »• 

9*  ^  9^ 

9 

9  9  9  9 

9  9  9 

9 

9  9 

9 

9 

9 

9  9 

9 

1 

1 

9  9 

*4 

1  ) 

B 

g 

f  - 

«A  O 

«A  lA 

S 

fp  A* 

O 

O 

O 

u  •* 

9 

* 

y 

>P 

X 

M 

o  ® 

*M 

r-  t^  M  ® 

O  PJ  N 

9  ^ 

«A 

* 

PJ 

lO 

O 

9 

lA 

W 

u 

A> 

•  • 

• 

•  •  •  • 

•  •  • 

• 

•  • 

• 

• 

• 

ft*  * 

• 

ft* 

• 

• 

• 

C 

ft 

O 

o  o 

•0 

O 

o  o  o 

O 

O  O  O  o 

^  O  O 

O 

O  O 

O 

O 

O 

w  O 

O 

•4 

o 

O 

O 

a 

•0 

S 

« 

• 

c 

a 

a 

Qi 

0 

E 

o 

c 

r^ 

®N 

00  fM  9 

«A 

9 

lA 

00  9 

O 

u 

|p>  RM 

9^ 

«4  ®  ® 

iA 

A-  9  9  • 

•  «A  9 

lA  O 

9 

P4 

O 

^  9 

P4 

9 

1 

(0 

•  • 

(/) 

• 

•  •  • 

• 

•  •  • 

9  •  • 

• 

•  • 

• 

• 

• 

•  • 

• 

* 

• 

g 

u 

o 

#n  9> 

Z 

r- 

0  0  9 

IT 

00  00  «M  A| 

^  A-  •A 

«A 

iA  9 

P4 

lA 

o 

O  9 

9 

1 

1 

PS 

« 

9 

t 

« 

P4 

fA 

^  9 

P4 

•A 

fp 

P4 

IP 

PS 

V 

z 

z 

u 

r- 

• 

fO  o 

1 

-4  «p)  00 

r- 

f®  ^ 

#A  9 

0. 

o 

h-  f-- 

r* 

'D  f*" 

P4 

^  00  r»  o 

•A  9  -9 

9 

M  m 

9 

00 

PO 

00 

- 

1 

u 

*8 

*s 

• 

•  •  • 

• 

•  •  •  • 

•  •  • 

• 

•  • 

• 

• 

• 

•  • 

• 

• 

• 

%4 

1 

o 

0 

^  o 

0 

®c 

9  00  ^  lA 

^  in  f® 

fA  9  tA 

3 

9  O  O  **4  P4 

3 

fp 

0 

o 

<^ 

0 

€0  « 

0 

apfl000r»<9un«od&>o 

A-  9 

9  ID 

»A  9  9  00  9 

* 

1 

9 

lAwin®®''.  V'lAfOin® 


«  ® 


•  I  ®  ® 


*4  , 

fr* 


<.>®ln®^•^4<.>®|«®^'Wa•o.<^4«'«l/^r»*«^■o.. 


Pag* 53 


ii  1 

wr 

9  ■ 

$6<l 

•  M 

14, • 

1 1»% 

)*• 

1 

Mo# 

1  »  ..  . 

»  W6 

1  II’ 

•  267 

1  m 

1  1 

«  %.« 

»4H 

i 

S  t  ^ 

1 121 

1 121 

1229 

, 

1614 

1  166 

114? 

i  ^|i 

u 

1110 

1  III 

1261 

1^’ 

l%.o 

1270 

1  lie 

UI4 

J 

1^.0 

1120 

1 110 

161  h 

M.0 

1  MO 

1176 

SM 

1^.0 

( 

1  140 

M.O 

1  M7 

i^.O 

1  14) 

)  1  K) 

U  ' 

l%.0 

I  )12 

W42 

UA 

lA.fl 

i41t 

WIS 

IS.O 

1276 

1  70|c) 

l^.O 

1242 

1242 

1220 

1147 

|H,>1 

14.0 

1  1)7 

1246 

17i(c) 

14) 

14S 

147 

200 

201 


14.0 

4.0 

4.0 

4.0 

4.0 

4.0 


1144 
1 112 
1244 
1U4 
1241 
1276 


lit 

|H 

lt.4 

#4» 

l*S 

ll« 

,*#7 

211 

2»» 

201 

til 

M* 

166 

119 

I69 

Ut 

274 

124 

214 

167 

601 

161 

17% 

16% 

%%% 


617 

601 

601 

440 

621 

616 

642 

146 

226 

261 

224 

261 


|iaaii|oan4 

|>>iad6rto4 

m  li 

m 

»,9 

f.W 

696. 

•29 

»6,9 

•.It 

J16. 

729 

•  »*» 

•.16 

nJ|. 

69» 

ttm  ta»9*67*'* 

61.1 

t.M 

•  W 

291 

19.1 

9.19 

m 

667 

%4.i 

9.19 

%%i 

176 

%6.  t 

9,19 

661 

699 

61.  % 

e.%9 

127 

494 

66.6 

9.16 

196 

•  16 

76,0 

9.0 

197% 

122 

26.69 

.62 

70.7 

441 

46.4 

1.16 

67.9 

491 

46.6 

.71 

60.9 

149 

16.6 

.67 

II.  I 

)40 

)6.0 

.  10 

160 

41l 

64.6 

.07 

794 

492 

41.7 

.20 

276 

164 

16.0 

.  II 

i  10 

462 

40.0 

2.16 

17.4 

447 

64.4 

.  11 

160 

216 

26.6 

!,06 

26.4 

294 

26.6 

1.0 

26.6 

147 

16.2 

O.l 

112 

491 

66.6 

0. 1 

666 

642 

61.7 

0. 1 

617 

614 

60.0 

0. 1 

600 

la)  Bad  Haltht  B-l,  11  Inchaa  ol  uarlc  oalda'carban  iaad  In  hM  auna,  auprarlad  by  carbon  pallaia  in  cold  aona.  R-2,  26  Inchaa  in  all  aapartmania 
ancapt  BL-164  and  164,  6  Inchaai  B1.-I67,  II  Inchaa,  and  BL-Ill,  12  Inchaa. 

(b)  Includaa  boron  In  aolida  condanaad  In  aldurnl  (aa  llnaa,  and  boron  rccovarad  In  wnah. 

|c)  Doric  aalda>carbon  bad  tampa raluraa  varlad  In  aapartmania  B1.-I70  lo  172. 

Faga  46 


I  I 

it] 


a 

* 

•2  “ 


n 


!  t 


C 

V  w 


o 

^  f- 


9‘  ^ 


r 


w-'  -•  «« 


^  'C 
t->  r» 


% 


i 

n 

u 


>- 

c 

m 


% 

u 

tL 

% 

> 


J 

•  C& 

•« 

Oi  • 
M  O 

u  z 


6<S 

m  M 

a  A 

b 

*  *  It 


ot«« 

J-2 

s: 

51 
5  s 

b  b 

AO 

oo 

•  • 

66 
*•  m 

OQ  fi 


V 

«/*  s  0 

•  ^  ^ 

♦  O  ^  ® 


A  .5  . 
fli 

• 

5  if 

'a  I  •  »• 

|asa 
S2  §-^ 

•  b  • 

uS«i 

•  9  m 
^  O'  fl  -J 


^  e 

w  s  2 

^  n  o 

**  if 

E 

•  O  •M 

ii  u  i* 

J.^i 

^  •  if 
7  •* 

*  3  =  1 

iL2 

.i  k.*  ® 
A  b 

» 

■  ^ 

9 

m 

-^A  « 

o“  J 

■a  “  ► 
5-?2 
So- 

88-3 

,■0  "o  a 

J  •  • 

n  A  A 


3 


0. 

H 

U) 

4 


1 


I 


u  3 

•"  •  o 

ti  c  • 
fcl  ^ 

s  **  •- 

B  »N»  <• 
M  o  c 
0  •-  a 
Z  ^  oi 


lS.£3SJ^:s^  P»$€  55 


** 


.»#!•*»  I'*  ■ 


I##* 

.  ^  ti  .  %.• 

t*. ». ‘i* 

‘•U  — 

mi 

*/ 

* 

A4I«  |09«4i44i^*  • 

urn 

• 

aara  |a«a«a‘'>a*ai 

•a<-k  .a* 

9* 

% 

Aai*/«kak  .••*«  ai 

Ha«*k  .at 

#» 

4 

gaia«a^«aik«'*ai 

»«4a  »  .  •* 

1  %« 

«• 

t 

4ii«  4<»w*4 

1  04-  a  .Id* 

1* 

« 

Mi«<akaaai*a«#> 

latrk  .  lat 

4 

Agl«l**.a«alM*al 

iiaiik  .  lat 

4 

ggta>;a*««aiM«al 

•ui>k  .  lat 

:! 

ga>a  ;0»o«a<ka«ai 

H*!*  9  .  10' 

/I 

« 

ga  aiav.«t  »a*ai 

Pal-  k  .  10' 

101 

1 

AgiaiJ»o«<  *a*al 

M<«9  .  tO' 

lu; 

4 

Aat0«k.nt>a<>aal 

hclt  fc  .  !<*' 

It’  * 

4 

At  1  a /Akn  •  a  ku  •  a ) 

nai<k  .  10' 

iU4 

• 

gaiaiukoHa  aaaal 

Pal  -  n  .  I"' 

4 

Atia.'t  k^aa.kdWa) 

Hat.  h  .  10' 

iOS 

4 

Aaia/oknai  *>iaai 

Hr|a(««l4 

10>|l 

4 

Ati«;0»««aikaaal 

Ilf  |«4«*4t4 

luaH 

« 

Atia.’OkoWalkakal 

hf  i«|ki«i4 

ltf4H  *< 

4 

AtiajokoaatkOW  •) 

nritfuai* 

10  • 

4 

A4  1 « /O&wVI  4190  W  tl 

Hf  tt|a4l4 

IV  H 

9 

AIIW^OkwH  tikoa  al 

If  ri«|tf«<4 

\itHl 

4 

AtiaaOHadaikOa  a) 

If  rt^u4f  • 

larhHfl 

a 

Atia^OSaWalkOPa) 

nriaoait 

ti*  KMIIK 

4 

Aaiw:OS<a»aikOHia) 

llrlq«»4t  • 

1  j;hhmhh 

4 

AitWi0Su«al*0aial 

Artstt«t4 

I0« 

4 

AtiW/OSuWalkOWa) 

4 

iOttH 

9 

AitatOSoWaikaWal 

Brisfftft* 

lOtHH 

9 

AllW^OSaWalkOWa) 

94 

9 

AllW^OSuWalkOWa) 

nrlt)y«l4 

list* 

ra 

•1 

.  M  Htaaaaaat  Haa»M»a _ 

t^aaataa 

rfriK 

ll _ 

* 

"W51 — 
*9 

""  at 

Kaft.  pa, 

itU 

99% 

924 

III! 

1  «l 

1  aU 

999 

919 

1119 

1.  M 

4911 

99  » 

♦  »9 

1194 

H.M 

994 

1121 

a.  It 

;t9 

1972 

a.M 

l»9 

U2I 

a. at 

i  41* 

a. at 

Mi 

1994 

a. at 

449 

1990 

a." 

9oi 

192' 

a. at 

1092 

«.' 

409 

1  2«0 

0. 

949 

1  119 

a. a* 

M4 

19^1 

lai  t.aa 

4'9 

1292 

o.a» 

1292 

0,  1  ? 

1  110 

0.  ao 

144« 

999 

999 

1  102 

o.ai 

»;-'9 

941 

919 

1199 

u.  la 

i4r/ 

1/70 

a.  la 

t4«l 

994 

929 

1  410 

o.ar 

1490 

900 

910 

1  409 

o.ta 

I4li 

999 

929 

I2M 

0.  tl 

14«' 

792 

992 

1292 

o.ai 

14?; 

S99 

T97 

1  491 

o.t' 

1472 

1972 

0.  la 

1490 

972 

1991 

o.ao 

1490 

949 

9  49 

1929 

1.00 

.4?2 

992 

992 

1  420 

o.at 

C*M  rr*»«M«*  *•) 

raM  •'>•«••••«  !•* 

C«M  ftaMAKt  l«  I 

CaM  III 

C«M  PraMaMf  <1 

Cat4  Ut 

TaM  •’>»■••••>  )•  * 

raM  Ftaaaala> 

CaM  Piaaaaur 
CaM  rrakaaiai 
Ctil4  Hrtaa.iat 

Haa  §aa  Woaar  a^a  ■  lata* 
Cota  l>r aka aiar  U  I 

Ci>ia  I'lakaaiat  tt ) 

'»• 
la  I 
la) 
la) 

(a) 

la)  II) 

(a) 

la) 

(a) 

(a) 

la) 


ti..U..o.ha,.l.a.,acmad.  Marina  ...haalara. a  aol.  Maa.  u.  H  I  -a  all  a.mal..na«..W  -Ilk  .adlllo.  ol  .Morina. 

. .  ..  .„rka.  ol  ko,..  . . .  k,.,.a.a  l.  - - -  k,  c.ak«.  pau...  In  co.a  aoaa. 

Ha.1  halgki,  H-l,  wai  II  ln.-haa  lor  all  aaparlmania. 
tb)  Brlquallad  laad,  amcapt  ahara  nolaa. 

lc)  H  - 1  haalad  Ihraugkoul . 

ld)  Volama  ol  vani  gaa  high  (IndUatIng  raa.iion)  kacnoaa  ol  klgh  k 
(a)  l.aa  l»roaca  (H  I)  and  llua  gat  blowar  oil. 

U)  Acid  briquala  uaad  In  prahaatar  Intlaad  ol  C  -brWuata. 


lamparaiura. 


Paga  »k 


,  . 


TABLE  XXI 

RESULTS  OF  CHLORINATION  ^ITH  USE  OF  CHLORINE  PR^IHEAI  ER 
Gas  Stream  Composition  Time  Excess  Clj(  ^ 


■o 

t 

b 

S  : 
0£ 


0  QJ 


c 

i) 

u 

J  OJ 


0 

J 


X 

fi' 

U 


X  o 
U  > 


—  o 

•  • 

I  —  I*! 


I  O  —  I 


2;? 


o  r- 

iT 

•  •  • 

o  o  o 


vO  vO  o  •r  f'  vC 

O  O  '«•>  vO  —  — 


^  \0  'O  ^  \0 

^  ''O 

»vj  rg  ro  _H 


« 

•  • 

o  o 


r-  u* 

-•  "T 
•  »  » 

o  c  o 


•  • 

o  o 


O  O  iT 
^  «M 

•  •  • 

o  —  c 


c 

<1 

b 

I. 


K 

(fl 

ae 

c: 

b 

3 

C 


'Nj  »r  ^o  >0 

•  •  •  • 

«<>  .. 


O 

* 

-“J 


vO  O  O'  t 
•  •  •  • 

>0  O  O  00 
»M  iT  »NI  Tf  I 


:if  M  QC  5t  y.  M 
OCCCCCC'M 

f  »  P<  •tm  »*«  **4  ^ 

OO’O’O'O'O'TSTJf^ 
b  b  b  b  b  b 

q:  Qi  o:  0^ 


U  QC  BC  !:£ 
C  C  C  C 


u 

b 

*■4 

'J* 

r- 

00 

(N 

8 

6 

lT 

CO 

C 

b 

•  • 

• 

• 

• 

• 

•  • 

• 

• 

« 

a 

1  00  iM  1 

00  >o 

N 

00 

ir 

t  ^  ro 

0 

fM 

1  ^ 

rO 

N 

|^J 

mm 

iTi 

rsj 

O 

2 


(19 

X  X  X  X 

b  b  ki  k. 

0000 

0  0  0  0 

Z  2  2  2 


"O  -o 
r9  fS 
b  b 

0^  Ct 
(fl  (fl 

0)  X 
b  b 

o  o 

o  o 
.  2 


•o  -o 
(0  (fl 
b  b 

Qi 


BC 

c 

... 

•c 

(fl 

b 

0^ 


b 

(t 

b 

n. 

a 

(« 


b 

o 

2 
4- 

^  fTJ  75 

cn  cn  tf) 

^ 

00  0  d 


o  o  o 
2  2  2 


b 

b 

o 

V.H 

b 


-  -L 1  OJ  1  - 

W2|P30'0'0'0'H-n...nm(MinjCQ.. 


Oi 

(M  r<n  ’«f  iTi 
O  O  O  O  O 


ai 

aioicC 

it>  >o  >0 
o  o  o 


txi 
o  o 


oi 
ai 
.  od 
pd  od 
oJ  * 
Cd  o 
t'-  rt 
O  J3 


w 

^  d) 

S42 

V 
■H  o 

N  ° 


cd 
(d  cd 
00  00  00 
O  O  O 

O't-^ 

Page  57 


X 

w 

3 


f: 

o 


t: 

r? 

b 


b 

b 


ro 

(NJ 

IT!  00 

0 

m 

00 

't 

00 

00 

m 

00 

rn  rg 

nj 

ro  p-^ 

n- 

0 

(VJ 

3* 

O' 

0 

sO  iT  r- 

in 

in 

00 

■(f 

00 

nj 

nj 

f' 

vO 

m  0 

O'  I'- 

vO 

r~ 

nj 

E 

3 

b 

• 

• 

• 

• 

• 

•  •  • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

3 

(M 

0 

rO 

2 

4 

3 

ro 

m 

0 

mm 

«-* 

fo 

0 

1  rf 

0 

0 

1  0 

0 

rj  0 

1  0 

0 

4-» 

0 

cr 

rtj 

.•  j  • 

-  i: 

— i- 

O  0 

U 

.5 

o 

-a  5 

2  T! 
C, 

tn  (S 

b 
u 
(t 


b 

-0 


"0 

■d  X 
O  (TJ 

<  O 


J3  U 


^  Bttm*  Cl* 


...  •-  Mi*  » .♦ 


l.iJSI*ti»*** 


*«4«M  4»'**  *•**  *  ^ 

i  >•«*  •*«•••  •♦•••ik*  ♦♦  ••♦*•••■■••• 


.0« 

•  • 

9  ' 

•  0 

9  % 

It 

«.# 

Ik 

«• 

*.0 

1.  * 

ft 

’ .  1 

«« 

0  € 

0.0 

«*  •mt*  •♦*•♦• 

I  .  ».*««<•.•  •m**  W—  *•  •c  •'* 

f  «  1^*  .•••  ••*••*  ■•• 

I  «  »»•,«.»»••»«  I****^*  •••••••t*** 

itt  •••K  ••-•••  ••♦••I  ■•* 


*»  0tt  ••••••  <•»*••  •• 

««Art*M  Bmm  MIto*  €«.«»••»»- 
*•  ••M  ••«•••  •»«♦••• 

AMfOw*  •«••  <•«*»  •*•<»• 

«e  ■••■  ••<•••  ••**■•' 

*»•**••<••  ••*••  »••*••<•  C4«*<l*  ■•H* 

«•  ptt  ••«•  ••>•••  4«««*a| 

MH*'*  C«#M»  •*H* 

*«  ^1  ••■•  ••>•••  t4*k<«) 

AakfdiM*  Mm**  MU*'*  CIM* 

^44  >«>  >M(  4*1«44  «4f4»t  I  ••  14  I  * 

III  H4«I«4«4I 

*Bkr4'4«4  ••*••  l’4U4It  C4»444  fcn-l« 

44'  •441  444444  «4*4<«l| 

A>>k>4*444  ».f44  »'4ll4l4  (.4f*44  •*»>»• 

(J4  44'  44444*  l*'4'»l 

AB»fl'4**  B*'*4  fkllfl.  C*'*4*  B'IH' 

|i»  4*'  «*IM  *ii**t  €*'4*«I 

Akk'J.w*  But**  MU*!*  t*tfc*i  B'Hi 

U'  P*f  ••<••• 


(%0  c«<«l 


C 

^^0  pmf  caul  c«rbo*i) 

1.4  MUlur*  '  t>or«B  thunk*  *  •'•U*!* 

Cp>  *• 

ikO  mr  c«frt  carbon) 


C-pollot* 

(kO  |k«r  cool  OBcoo*  corkofi) 


'J^ 

44j  ! 

10*1 

«  00 

0  >0 

*0^ 

•  41* 

•  tt 

•kklNk*  < 

t«M 

•  *» 

0  00 

0*  0040 

iMi 

IlkO 

tkit 

III* 

It04 
•  »»♦ 

1404 

1400 

t  to 

0  *0 

lOII 

sito 

tlio 

I0U 

1400 

1414 

•  00 

0*  r»*0 

Ifllttt 

1* 

1000 

t  ot 

IM  0040 

tit 

lltl 

i»to 

l|4| 

t.oo 

■*  04*4 

toi 

lltl 

ttt 

1010 

110’ 

t.to 

N*  01*0 

lOlO 

1140 

tkto 

0.1’ 

loot 

100 

t.0« 

0.14 

1  too 

1101 

I.M 

0.04 

loot 

1101 

l.t 

0.01 

loot 

1010 

l»0l 

1101 

o.?o 

0.  44 

lOli 

loM 

Itll 

1  100 

1.0 

N*  0(«| 

Itio 

100? 

Ill# 

1017 

1101 

1017 

>.00 

N*  0Ik0 

lltl 

llto 

1100 

1401 

t»7l 

1471 

N*  0I«0 

1100 

ItIO 

ll?0 

1401 

1414 

o.ot 

N*  0140 

lilt 

loot 

1404 

1000 

1410 

1.0 

N*  Pl40 

|4««»  k*  ••••'•«•  r 


Mgi  r»kMOl 

Okoor*«4  ••• 


m  •Mo***  •*• 

rfkMM  »>»<>•■•  !*•••  ••  •<«•••• 


rtof  ^  otfloMi  ••o  lino  4»nm% 

o»yor»*n»ni 


Ok^vlinooi 


Okoo»*o4 


Nopl««o  boi  H  I  rooUoo  oo^lf 


Ho  Hui  0.^'  *'*  Oik^"'®****  fc*'**^  ikfOO«k 


iirjrtxsi’-ji!::  rrrr.c  w-  - ..  — -  ■•—  ■•■•••  . .  - 


ACIMl  C*mro*»«l*«  Ol  «-l  1**1  •••  <»<»1  «•  *4  nl  4*» 
Doric  <.t4*.e*rk*o  krtoMlI** 
uicanri4l*l*ly  c*»clo*4.  (c*UI»*l  *•  **0  rl 
0y*l*ni  0|>*n*il  *•«*  •*'  B**!  >  T  P 

Chirk  mMOBO*  i*4  I**-!  ••  1.0  «. II. /hr.  kH.T.P 


PkfO  »• 


-  ‘  •  .  O'.*,  t'i  f  ■  -  ■' 

_ _  . 


*♦!» 


«Mw*t«>a  <*  €<■***♦*« 

•  ^^-aOO 

*00*1  ft*# 

(  •  !« 

ft  &jRJU 

IRv* 

ai£'i. 

%  •# 

« u 

«a, 

»v 

• 

*». 

••t* 

•** 

pm* 

•Rftft 

P** 

a  1^4 

dOftOft 

Ido  do 

a^a 

«i*ftO 

• 

'  ’  ^ 

itst.. 

\f%.  . 

••ft 

0L 

Ml 

*  #« 

♦*  .  *  »  •  * 

ft 

Oft. Ift 

a*  a 

»4M 

*  Oft 

•  «4 

/•  1 

M  • 

k  i 

4<  a 

*4,4 

!*• 

•  1' 

•  *,4  • 

ft 

ft»  .o* 

■ft  ♦ 

*  ftft 

>  « 

fti  ft 

•o  « 

♦  tr 

• 

ll  « 

»•  i 

*  • 

ft#  0 

4ft  f 

% 

ft  ft 

itt 

«  I 

a*. a 

t,fft 

ft«  Ift 

•  ft  4 

Ibj 

•  Oft 

ti.i 

14  4 

M  * 

a*  1 

IM 

aa  4  *44 

Oft# 

4.10 

#.*• 

U  4 

44  « 

«  1  * 

ftd.ft 

1 

« 

«0  4 

»»  * 

*1  * 

/*.« 

« 

04  ft 

1*  * 

• 

a*  4  a.  ti 

•  •*4ft 

•«a0« 

40. ft 

%•) 

1  11 

/  * 

44  • 

Mat 

•ft  t 

lo.ft 

« 

4  « 

•ft  • 

ft#  1 

00.0 

/*.* 

ft 

tm 

ai.i  a. 4/ 

•ft.  *4 

/; 

4*. 4 

•/  * 

i  0 

••• 

t.«l 

III  aa.f 

4.14 

taa.ia 

44  .ft 

%• 

•  Id 

tl* 

1*.* 

•  %,4 

* 

a/  * 

41. 4 

IM 

».4« 

4.4  44.1 

iMa  14 

*4.4 

\4 

ft.#* 

a' 

(at 

14.4 

44.4 

•4  4 
14,4 

10 

Ift. 4 

M  1 

l«t 

ft.  Ift 

44.4  »4.t 

».« 

44.44 

11% 

Ml 

<  4/ 

I.fti 

*.  .‘4 

aa.«  4.44 

4.41 

44.  14 

•4.  • 

I/a 

ft.  ‘  • 

d.dft 

/I. 4 

■/.* 

ft  • 

«/.a 

*«  * 

;o4 

•  .0^ 

»».4  lt.» 

0.40 

4f.  U 

1  II 

/at 

•  .4/ 

ftft.  1 

1/  a 

io* 

44.*  4,4 

•a4 

44.4 

14/ 

4W 

t  // 

W.4 

11.4 

M.l 

i/.a 

10 

ft.4^ 

44.4  4.44 

0.0 

44.44 

?ft 

40% 

1.  Ift 

*41 

II. 0 
14.9 

1*./ 

1'./ 

4. ft 

1.4 

'a.  a 

'*.* 

{oa 

i.fti 

0.4 

#4.  IS 

Iftl 

a’a 

».  *4 

i/.aiot 

0 

14.  < 

I*.* 

'*.  • 

%l  .  1 

toa 

&.  Ift 

l.l  44.4 

0.  1 

at.  »4 

ft.  4 

i.dft 

0.4 

0 

0 

0 

1  1.4 

4.4 

M.  % 

0 

0 

10.4 

^to 

0, 

*,l  44.0 

0.1 

44.  a* 

n 

0,0% 

0.4  ml 

0(n) 

0 

0 

4.  4 

1.4 

%1. 1 

M.ft 

iia 

Ng  I'ro^urt  l'orm«4 

lU 

0 

0 

ilT 

0.42 

4.4  40.4 

or.t^ 

lOft 

14 

0.  1% 

M.i 

44.  1 

Inaludftft  Ci  Irom  COCIa.  *Tot*l 

par  coot 

*  Ift  ( ompftftftftlftd. 

II.) 

Duron  irUhlofi4«  r«iOv«ro4  In  con4onft«r 

ti) 

R  ufttft  fiftld  it  B  prodycl/B  cHarfod, 

(J) 

Cl  Mftft  vUid  Ift  Cl  oroBucf/Cl  r 

bargod. 

(rl 

(0 

Incorrftct  duo  to  opoAt  KOH  ool<Mlon  In  Oroftl* 

iocomnlftlft  rftcovory  ol  clUorlno  diift  to  oo  onolyfttft 

on  carbon  bod  tMXtoatift. 

!*{ 

Cftcoodft  100  nor  coot  btcoo*#  boric  ooldo 

a  carbon  brki^tft  oar*  tnodvftrd«ntly  charffto 

10  It  t. 

(1) 

I10l*i  , 

O' 

Ttmpanrara  at  R- 1  ■ 

uoi*r. 

(k) 

Tempo  rotHrft  at  B  •  1  > 

aaa’r 

(1) 

Tvmparalura  at  R-l  • 

t4ia*r. 

im) 

''ftmporatura  at  R-l  * 

iM2*r. 

Vn) 

1  amporaiorft  at  R  *  1  « 

itaa'r. 

r»«.  (IaM 


..  A," 

*ft***a‘* 

iM«ft  « 

• 

« 1 

• 

•■ft 

*•• 

4dft 

ft*.| 

M  / 

ft  4 

14  ft 

1*  a 

•>  ft 

#».• 

«*  a 

o*,i 

4#,* 

*4  a 

4<  4 

•  4 

«.  1 

404  ft  » 

%  4 

4.0 

1*  ft 

14 

1.  I 

1  1  ft 

44  4 

14.4 

(•.4 

14  ft 

•  /  ft 

14.4 

II. 4 

14.' 

»1.  1 

•0.  « 

»l  4 

ft4.4 

44. ft 

%t  1 

41.  1 

14.4 

M.6 

0.  1 

1.  • 

!.• 

1.4 

f,  i 

1 .  % 

1.  1 

4.% 

(-•«>  iv 


«  % 


e 

o 


I. 

M 


®  %0 


O  t  ^  m 
s  jX  -t?  SC 


^ 

r  *•  C 

U  I  3 


u 


< 


0 

^  > 

t  ‘• 

K  t» 


k  C 

1L£ 


*  5 


IX  >■ 


w  C 


ac. 

O 


t/> 

3 

(/I 

SC 


^  u 

kt  i, 


> 

f  h 

XO 

03  ^ 

<s 

H  ® 

o 


o 


H 

< 

6, 

2 

o 

j 

X 

u 


t-  c 


k  >» 


V 

> 

10  : 


u  c 

V  i> 

5.  u 


*  - 

S  5J 

Id.  > 


*•  c 

H  il 

a.  u 


mm 

9  9  m  r 

X 

i«  M  o  c 

m 

•  •  •  •  • 

• 

mm 

o  e  o  o  o 

O 

C" 

o 

X  0  •!  *1  e 

0' 

o 

•i  O 

o 

•r  in  e*  • 

»• 

mm  mm  mm 

* 

/ 

X  »  ^ 

•• 

—  >1  X  V  X 

X 

• 

•  •  •  •  • 

• 

m-' 

mt 

o  o  —  >n 

X 

*4  -e  —  c* 

• 

«  •  •  • 

• 

o 

ae  —  9 

•  X  9^  ^ 

•p 

Xf»9'^9- 

•  •  •  •  • 

# 

o 

ce  ae  'r  M 

#v| 

f* 

•ij  «»» 

O'  X  "f  — 

•  •  •  • 

• 

r 

_  *1  >r  -a 

-• 

•  ao  x 

f- 

fF*  Q  X 

•  •  • 

>o 

30 

O  O  • 

• 

30 

,  X  "4  —  f- 

-r 

T  O' 

•  .  X  ''I  O' 

iC 

t 

•J*  00  •  •  • 

• 

X  "f  ir  m  IM 

•iX 

a  . 

X  o 
U  X 


E 


in 

in 

V 

u 

o 

u 

OU 


'j 

in 

0) 

Q 


—  _  r-  »  o 

O'  y  »  00  — 


(M 


« 


£  j: 


3  w 


c 

o 

JO 

u 

(fl 

U 


c 

o 

J3 

ta 

It 

u 


c  c 
o  o 

X  ^ 
Ih  u 
(t  (t 

UU 


4; 

a< 


in 

01 

4) 

U 

X 


U  U]  u  u 


41 

o' 


c  c 

4)  41 
O  O 


C  iJ 

O  3 
41 

(t 

^  g 

in  ^ 
01  i-> 
41  (t 

u  U 

X 

CJ  * 


OQ  ■ 


•-  Wi 

41  41  41 

a  a  a 


r* 

o 


in 

C  JC 
41  C 
u  3 
.  X 


OO 


i« 

a® 

O  o  o  ^ 

iD  M  iri  in  Z 


c 

O  "O 
X  41 

V 

(t  '- 

U  o 
01  U 

2  -- 
®  <t 
u  S 

X  c 

U  ;i 

"  E 

C  41 
41  ri 
u  O* 

a 

^  3 
01 


o 

o  cQ 

z 


a 


in 


m  ^ 


«CQ 

O 

(M  (t  •  •  •  •  • 

CQ  Z  <1  CQ  U  Q  U 


00 

o 

iM 


01 


-v 

c 

It 


IM 

I 

QC 


^  (P 

a— 

X  I 

"a: 


o 


o 

nj 


3  oQ. 


It  3 


C  '3 

••H  y 


■o 

41  41 

0!  C 

=>  c 

T)  O 

y  — 

X 

U 

n  ^ 
X  4^ 
h  o 

ft 

'J  c 


t 

o 

•  IVJ 

H  "2  J  V 

•  o  CQ  X 

Vi 

—  » 'ts 

•  O'  ® 

b  X, 

-C  I 

J 


•o  c 

41  41 

£ 


"h  CQ 


c 

41 

6 


•  ^ 
a  c 


O  b 
41 

41  a, 
X 

r!  S 


o 

O' 


41 

£ 


y  -o 


C  y 

•i-i  — 


01 


X 

41 

01 

It 


b 
41 

a  41 
X  a 

y  g 

■C'^3 

c 

41  ™  .C3 

^  V  B 
o  >  o 


It  y 
41  3 

a  3 

£  2 

«  y 

§-£ 

.  W 


s  I 


^  ffj  »w  —  F-  —  ^  w 

rg03Q3b4<;ZcO  _] 


(tx  OTJ  41w4  MX 


Page  60 


t 


TABLE  XXV  • 

LFKLUENT  GAS  STBLAM  BOH  AX  VKIISUS  BOH  1C  OXtDK 


Na4B«0,-C 

B,0,.C 

Fe#«l 

Feed  iBrKiaeuI 

BL.i07 

BL.143 

Tetnueramre,  'K 
Coinpo«i!tort 

HI  IbbO 

R*1  1  312 

per  cent) 

R-^  I  )90  u) 

K.2  145H  a) 

inertf 

26.6 

24.  ^ 

CO 

19.  45 

14.b 

CO^ 

10.10 

5.1 

0| 

2.  7b 

1.0 

BCl, 

25.10 

34.9 

Cl, 

0.  36 

2.  3 

COCl^ 

0.00 

0.04 

HCl 

15.70 

17.7 

T)  24-jnch  carbon  bed 


Page  ^)1 


W 


f,  •'^A 

Sf 

hC  ' 

s  i.* 

*  * 

1 1-4^ 

ai^i 

i  I 

) 

l  •  ■* 

mti 

kNI 

tH^ 

I 

i^V 

US 

l\i 

i\^ 

III 

I*) 

(b) 

<C» 


» I* 

1^ 

»  I  #  ^ 

.  ^  #8  ^4  *^  %  ?  * 

*  • 


’*  ,  t  ^ 

J  .  ^' 

.  I  .» 

.  i  . 

. . .'  I .  y 

•i,M  i.O 


'i .  '■S 

H.Q 


I  ^ .  rt  < .  *• 


n,o  ).9 


9.0 


^0. 


0 


m  i 


I  fr*-# 


.  f^is 

S 

l%#«.  St  1  «t 

«»$ 

««er«4We  £ 

! 

i«» 

t8«  *  ->1*6#  *S 

i « 

**«*.«*.<  arMiaa 

1 J 

t  >  #iis4* 

*1 

Aut  ***••#•  9f*4» 

t  ■ 

i  l^eSlel* 

« t 

h,*  N»i.  t 

It,  1 

t  i  etisls 

A6.* 

n.t  tut  N*.  1 

II.  1 

i  |'#Usfs 

*t«  6 

lut  Ha,  ! 

£‘.^ 

t  |‘«ilvia 

h*<  lid  Nil.  * 

2 ; . ' 

t  I'^liei* 

♦  !.  £ 

lul  Nu.  ; 

24 

t  |'•(*.et• 

?fc 

B,*  ltd  No.  £ 

24 

t  |'‘«'llets 

>'6 

tt^t  i<it  No.  2 

2** 

t  t  stleti 

;  s 

IS.C 

2?.0 

(.jirbun  l'a»d«r 

H«C  ^7.0 

Carbun  Howd^r  7',0 

AlOOW  -iOSuWa 
tt»y  »V«) 

Tabieta  *  ^  par 
e'en!  B«C 

AlOOW  .£OS\tWa 
ibOWa) 

TabUii  ♦  ^  per 
c  rnt  B^C 

AlOOW  -JEOSuWa 
IbOWa) 

Tablets  ♦  ^  par 
ceni  I44C 

Ba  No.  HG-210 
2016.  HA  *  20  lb. 

C  ♦  U  >  * .  B4C 


SA»1#>  «»«$ 


w  « 

Ifcsa** 

ivdaftf 

t  f  ■^' 

1  a-wp#sts4w#f’ 

*■ 

■‘■--S'  ■  * 

i 

*A 

1*,^ 

6*,, 

.wjritotiira. 

<4*.  A  j 

1^46 

¥  ¥p 

H«i«« 

lawtaiu-i^SNsli 

■  2 

44i'2 

i2 

At  dW»» 

t  «•*  *  8#  si  ,  1  II  At . 

>1**; 

A  2 

i  2  %S 

«  '2 

Hi»  A  i 

:  22' 

6,  ^4 

hnAibe 

ft.  a>  .  4®  *■• 

♦«.  1  <  *fV«W 

Arkaf«e«  • 

lilt 

1464 

«.6i 

6iua>«s 

tiwfH.*»ati  Maiwd  wxl 

#• .  |-  ,  t  #t  %««* 

1  2  I* 

t 

tt.  M 

WwtMr 

t he im^iHaeit  be'iwd  .*e. 

tlfl^vels 

*1  OO*' 

1’ .  1  .  i  a » tMie 
H«n|wSts 

1 1  %Q 

l4»4 

o.il 

Nows 

g.a.eaa  ('(,  at  d*  hr 

1*.  I'  <  4»t*b*« 

B  9  la^MStS 

Wt* 

1  M2 

0.60 

Nwna 

feicaaa  Cl|  at  .  ata  »«  . 

1  .  1”.  A  .  Hr  l^kuet* 

t07» 

Aot*«n 

0.66 

Si.-rv* 

A  140*  2 >  S 
&mWS  ^6t.  «IWsl 

T  srnperst 

»*»• 

>*.K  Bf|.8«eis 

liSJ 

ltaofi4 

0,40 

h«me 

I,araaa  Ct.  at  .  10  hr , 

A  \'*{S*  2>.« 

Tsmpersiure 

<»uAs  it».*4Wsl 

p .  i' .  hr t<|urt s 

1  IHM 

H  il«.»»Tt 

0.  M 

Nuns 

A-  I'to  A..^.i 

femp^rsiure 

SnW*  (68.9Wa» 

1416 

1,0 

Nans 

Rurned  out  iharmowell.  R  1 

1464 

0.44 

Nuns 

Burned  out  ihermowaii 

C  •  hrtquets 

1202 

1  )82 

0.  42 

Noi\r 

Raattor  ihermoweli  burt,ed  -u. 

1  164 

1  17  ) 

1  164 

1  t?) 

C  Briquets 

1202 

1  119 

0.40 

Nons 

Reactor  thermowall  burned  out 

169) 

1292 

169) 

1292 

C  -  Briquets 

121  1 

1  )I4 

1  )»2 

4* 

N  one 

1067 

Rttsintered 

A300WSuWa 

12S0 

Rnom 

.217 

.16) 

Heal  oil  duriitf  emperlmeiit 

Tsmperaturs 

Shutdown  becauaa  o(  plug  In 
reactor  bed 

Briquets 

R  - 1  bed  hcltidtt 
m  i  be.l  height, 


11  Inch#,  for  all  eaperlmeiita. 

^4  tnehe.,  exceRl  BL  l»'»  and  ("JO  which  had  no  R-Z  bed, 


Heat  was  turned  oil  ilmullaneouely  '-vith  introduction  ol  chiortns,  saespt 
for  ttL-168  and  I')*?  where  esternal  heat  was  maintained  for  the  duration 
id  the  eapetlnienl. 

Chlorine  rate  «o  R-l  varied  in  atlempt  to  maintain  and  ontrol  raactor 
bed  temperature. 


Paga  62 


« 

'is 


&  I  Gf 


-•s  i 

U  • 

z  2  <» 


C 

•a  “ 
tH  i.' 


O  a 


G«  »• 

Oi  •-« 

O  ft. 


a 

4  w 


I  W 

O  a 


fl  &> 


fi- 


f  M 


f  a 


••  •  c  c 


•  •'V  #  # 

;  ;  a  2  s 


0  #  •  -  » 

*  ♦  • 
«»  «•  # 


^  ? 


I  •* 


m  ^  ^  ^ 

•  *  •  -? 


«  ^  • 


0 
U3  Z 


»  ft 

n  -  V 


•#  ^  ft  •• 

ft 


s  a 

*  • 
•«  ft 


»  •  * 
o  ft  fi 


ft 

ft 


ft  ft 

•  • 
••  a 


^  ^  ft  •* 

o  -  ^  • 


*  • 
«M»  ^  ^ 

••  r  »* 


ft 

i 


ft  ■• 

«  • 

•*  ft 


Q  ^  #  ft  w 

:‘  f  i  i  i 


ft  o  ft 

t  •  • 

ft  •• 


a 

ft 


ft 

>■ 


ft 


ft  ft  O 


■.-,.UUll-i 


*  •  ■• 

•  •  • 

»-  *^4  t- 


o  ft 


o  o 

ft 


:  :  :  :  3  3 

5  o  5  o  0  5 


e  0  e  o  •  0 

i  7.  •/  Z  Z  Z  / 


o  o 


ft 

<A  «« 

^  ^  *4  ft 


ft  -  O 


ft  ft 


O 

•4 


—  *4  •• 

o  o 

•  •  J  J  M  'J 


lo 


ft 

ft 


^  ft 

ft  -ft  ft 


ft 

ft 


^4  ft 
•  • 
*4  '*4 


•*4  •  -•  •  U 
«  •  r  ft 

.r 


w 

1 

ft 

2 


A 


V 


ft 

o 

•o 

ft 

»*i 

. 

ft 

• 

ft 

ft 

ft 

♦ 

ww 

•r\ 

^  ' 

■  *7 

»4 

f- 

ft 

ft 

flO 

ft 

^4 

f' 

o 

m 

ft 

« 

« 

ft 

ft 

■'C 

o 

o 

o 

in 

• 

•m, 

• 

ft 

o 

a 

ft 

• 

o 

c 

• 

ft 

f' 

ft 

ft 

ft 

« 

ft 

« 

•  ft 

ft 
•  ft 

»M 

O 

mm 

« 

r- 

ft 

ft 

ft 

ft 

ft 

ft 

■c 

s 


o 

o 


•ft 

%» 


iT 

o 


>✓  V 


00 

l/N 


ft  o 


00 

Ift 


o 

o 

o 

o 

o 

o 

oo 

00 

ft 

00 

”6 

•o 

‘0 

• 

• 

w 

o 

o 

«> 

M 

& 

V 

N 

>> 

ft 

ft 

ft 

if 

1 

o  o 
o  o  o 


: 

•  o 


■ft 

oc 


».  0 

!ci 


9 

3 


”ft  ft 

fSI 


O  O 


2 

o  r- 


::  8 


o 


J  I .-  .■  s 


O  9- 

O'  « 


o 

Z 


« 

z 


<» 

00 


ft 


ft  KV 

ft  r- 


**  ft 
^  1 

^  s 

§  ^ 

M  b 


e  -  5 


I  ^ " 

I  i  s- 

t-  r<  03 
a.  u 

^  ti 

(A 


ft 

9 


in  M 


O  -  i  O  ‘S 

g  M  O  ^  0  o 

0. 


M  M 
in  ft  ft 


u 

a« 


ft 

—  "Si  ^ 

S  e  c 

‘  J!  r-* 


iD 

ft 


« 

1 


•  • 
ft  « 


1  ^ 

A  (0 


*0  ft  ‘C. 

i  S 

& '  3 

03  U  0 


•  ■■ 
2  e 

t  SL 
■3-  “ 
E  "S 
J!  3 

•  9 

I  2 

W  ft 

I  I 


w  *• 

ft  u 

m  ft 

iS  .a 


I  00  ft  o 

J  ft  ^  f'" 

0D  ^  m-4 


r-  ft  o 
r-  f-  • 


M  «”  o  a 

Z  2  -  IM  M  I't  M 


4  ^ 


r.  X 


P.ge  63 


Wet  te.t  meter  nc*  working 


B6 

< 

U 

o 

X 

0 

a 

«/) 

p 

—  /I 

S  £ 

>  i! 

X  > 

X 

u  H 

•J  IJ 

®  5 

<  ^ 

X 

o 

OQ 

ti< 

o 

2 

O 

H 

< 

2 

S 

O 

J 

X 

u 


k 

» 

«  i*  ::| 


i; 


■.Uifc  tt 

-t--  - 

m 

H 

mmm  I 


£ 


c  ii  -c 

C*  r  S  £  ' 

'  *•  a  ®  *•  4 

aa  a.  -  -  as  r 


m  • 

rr  0 


•xs 

c 

o 

U 

ed 

c 


flj 

b 

u 

0“^ 


;>>•». 

li  Si  Si. 


_•  (t  1. 

lai'Sa 


su 


a  .  ' 
X  o  J 
U  2  OQ 

ifl 

tn 

0) 

u 

o 

Oh 


u 

u 

n 

0) 

Q 


e 


90- 

O 

c 

• 

t 

o 

o 

1 

^  ° 

o 

o 

O' 

•« 

#  • 

*’  ,  • 

«r 

<« 

*♦ 

• 

•  • 

• 

•M 

» 

•  0 

o 

•s  o 

mm 

* 

O  1^ 

<« 

o 

© 

«M* 

mm 

•kj 

mm 

»■* 

«« 

<0  M 

O 

mm 

• 

• 

• 

•  • 

• 

• 

o 

o 

c 

o  o 

o 

o 

• 

ee 

W 

X 

X 

w 

■ 

w 

X 

M 

*" 

«• 

"T 

o 

T 

o 

♦ 

o 

.r 

• 

• 

• 

• 

• 

• 

• 

© 

“• 

•i* 

M 

iT 

• 

•  • 

c 

f'l 

o  o* 

flO 

f'. 

ae  O' 

o 

N  O 

£  r- 


00  iT 

r~  a' 


« 

>- 


n 

i) 

>- 


n 

«-■ 

c 

c; 

e 

• 

u 

V 

(X 

X 


r- 


*s» 


o 

OO 


>o 

yC 


f'* 


M 

^6 


r» 


—  " 

h.  c 

U  *J 

iM 

X 

o 

“0 

• 

© 

nj 

INI 

>• 

0.  u 

r* 

X 

OJ 

iT 

iT 

in 

«  "O 

2  " 

h>  c 

r- 

• 

|«  -Z 

a;  41 

’T 

INI 

o 

O' 

fO 

r 

CU  >• 

O.  u 

-T 

t'- 

INI 

w 

INI 

<*N 

K  . 

X 

13 

*0  oS 

c 

•  «« 
X 

"  -0 

3  ” 

>' 

OQ  y 

(0 

09 

CD 

h 

1  M 

0 

u 

0 

o 

0) 

o 

V 

^  • 

V 

U  D 

2 

>- 

2 

2 

>- 

2 

> 

> 

9J 

n 

u  O  O 

>-  2  2 


o  o 

2  2 


00 

in 


Ta 

u 

OQ 

I 

U 


"0 

U  O  OQ  Q 

rT 

4)  M  C 
3  0  ft  O  "" 

CQ  2  U  M 
CQ 

U  -H  (\j 

o 

OQ 


to 

X 

c 

3 

£ 

u 


O'  o 
m  \0 


'0 

c 

rt 


O' 

r~ 


o 
— 
y  « 

.2  Oh 
U 


nj  U  ^ 


09  O 

C  V 
4J  Wi 

B  B 

r  X 


0.2  -  23  ^ 

X 

u  . 


•  > 


■a 

V 

ki 

..  << 

-  > 


O  fn 
O' 

(M 


to 

o 

B 

eS 

U) 


N 


to 

(tf 


o  n 

rt 

g  c£o  ’O 

C  tM  1*1  ^ 

rt  —  CQ  O 

yj  U 


£ 

*j 

•  f^ 


0.  y  « 

fll  ^  4-» 

o  - 

N  0) 


hi 

u  tt) 
♦  jc 

OQ  ^ 
^  00 
c  o 

V 

u 


C  w 
4>  .•  O 

•Si  ^ 

o''" 
-S  J  3 
£  '*^ 

3* 

3  U 


TJ 

hi  " 

i  X 

c 

aOQ  di  in  vS 


iHos* 

c  c 
o  o 

I'D  13 
V  V 
n  CO 
lO  (4 
lOQOQ 


fO 


m 


(Q 


^  "S 
>  " 
u 

TJ 

V  a 

c  -li* 

"  £ 
(0  *- 

V  a; 

hi 

a  a 

Q  ^ 

1°  nJ 

2  CO 


rt  .o  u  tJ 


Page  64 


CaSO 


Plug 


HIGH  i 


Cundrn»rr • 


Frrd  •  r  • 

1  _ 

t 

*■  r 

V  1-. 

- - 

! 

Trsp 

Soitd.  •O' 

A  i 


N  a  A  nrt  *  V  » I 

Rt’fcifiaif  I' 


i 


\rM 


G#  »  A  n<i  t 
«Or»i»0 


(b)  Occasional  Analysis 

(c)  Also  Ni  and  Fe  for  some  samples 

(dl  Liouid  when  sampled;  gaseous  at  room  temperature 

(el  Total  Cl'  ;  (includes  CT  from  emtal  chloride  formed  by  action  of  HCl 
on  scrubber  pump). 


FIGURE  3  -  CHEMICAL  ANALYSES  FOR  CHLORINATION  EXPERIMENTS 
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FIGURE  4  -  BORON  TRICHLORIDE  ELECTRODE  FURNACE  REACTOR 
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FIGURE  5  -  EXTERNALLY  REACTED  ELECTRIC  FURNACE 
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PRODUCTION  RATE  versus  CHLORINE  RATE  FOR 
BL  EXPERIMENTS  (BORIC  OXIDE  CARBON  FEED 
FULL  BED  LEVEL) 
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FIGURE  9 


-  BORON  TRICHLORIDE  PRODUCTION  RATE  VERSUS 
CHLORINE  RATE  FOR  3-,  6-,  and  12-INCH  BED  HEIGHTS 
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FTr.lIRE  10  -  EFFECT  OF  CHLORINE  FEED  ON  BORON  TRI- 

rHT.ORIDE  PRODUCTION  RATE  VERSUS  BED  HEIGHTS 
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FIGURE  \Z  -  BORIC  OXIDE  COMBINED  WITH  BORON  TRICHLORIDE  OR  TKICHL 

BOROXOLE  IN  GAS  EFFLUENT  FROM  REACTOR 
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FIGURE  15  -  EFFECT  OF  CARBON  BED  S1Z.E  ON  CHLORINE  RATE  VERSUS  PRODUCTION  RATE 

{Horizortal  Carbon  Bed  Experiments  Only) 
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FIGURE  16  -  REACTION  CARBON  BED  AND  SOLIDS  RECOVERY  APPARATUS  FOR 

25-lNCH  LONG  HORIZONTAL  CARBON  BED  EXPERIMENT 
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FIGURE  17  -  EFFECT  OF  CARBON  BED  HEIGHT  ON  BORON  IRICHLORIDE  PRODUCTION  RATE 

rUf  OR  INF.  RATE 
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FIGURE  18  -  EFFECT  OF  CARBON  BED  HEIGHT  ON  BORON  TRICHLORIDE  PRODUCTION  RATE 

VERSUS  CHLORINE  RATE 
(Based  on  Total  Chlorine  Rate) 
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FIGURE  20  -  EFFECT  OF  CARBON  CONTENT  ON  ULK  DENSI  I  Y  OF  SINTERED 

BORIC  OXIDE -CAR  BON  TRIQUETS 
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FIGURE  23  -  EFFECT  OF  BORIC  OXIDE-CARBON  FILTER  BED 
HEIGHT  ON  YIELDS  AND  CONVERSIONS 
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FIGURE  25  -  CHLORINE  PREHEATER 
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TIME-TEMPERATURE  CURVES  FOR  CHLORINE  PREHEATED 
EXPERIMENTS  04 


FIGURE  26 
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^  A  100  W  B|03*C  Briquets  9  cu.ft./hr. 
S.T.P.  Clj 

O  22.  5  Per  Cent  B4C,  77.  5  Per  Cent  C-Pel 
lets  7.  3  cu.  ft. /hr.  Clj  BL-179 
A  24.4  Per  Cent  B4C,  75.6  Per  Cent  C-Pel- 
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FIGURE  27  -  TIME-TEMPERATURE  CURVES  FOR 
CHLORINATION  OF  BORON  CARBIDE 
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FIGURE  28  -  EFFECT  OF  SUPPLEMENTARY  OXYGEN  FEED  ON 

REACTOR  BED  TEMPERATURE 


Page  96 


■ 


Fvetl  Hopper 


uiaitAs  AjaA03a>|  ut  uojog  miM  »uiquio3  oi  ag  auuomo 


uoti«Auop  auijc 


jq/*qi  uon^npojd  aptaomDui  uojog 


ARLINGTON  HALL  STATION 
ARUNGTON  12  VIRGINIA 


MICRO-CARD 


CONTROL  ONLY 


r  OR  OTHER  DRAWmOt,  8PECIFICATI0M8  OR  OTHER  DATA 
OTHER  THAN  Of  COMNECTION  Win  A  DEfINirELY  RELATED 
*  OPERATION,  THE  U.  8.  GOVERNMENT  THEREBY  INCURS 
r  OBUOATIQN  WHATSOEVER;  AND  THE  FACT  THAT  THE 
KMULATED,  FURNBHED,  OR  Of  ANT  WAY  SUPPLIED  THE 
QMB,  OR  OTHER  DATA  B  NOT  TO  BE  REGARDED  BY 
AS  Of  ANT  MANNER  UCENSDIG  THE  HOLDER  OR  ANY  OTHER 


NOTICE 


PERSON  OR  CORPORATKEI,  OR  COMVETDIO  ANT  RRHIT8  OR  PERMBSION  TO  MANUFACTURE 
USE  OR  SELL  ANT  PATENTED  INVENTIOM  THAT  MAT  Of  ANT  WAT  BE  RELATED  THERETO. 


